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Front cover 
Five years ago, the Welsh 
company Race Electronics 
faced disaster. Around the 
world, the market for 
home computers had col- 
lapsed and 90 per cent of 

| the company's turnover 
was tied to their produc- 
tion, 

Today, Race has grown 
from a company with an 
annual turnover of £3 mil- 
lion to one with £100 mil- 
lion and claims to be Eu- 
rope's leading contract 
manufacturer of electronic 
assemblies. It is a major 
success story in an area of 
South Wales that has faced 
large-scale restructuring of 
its traditional coal mining 
and steel making indus- 
tries. 

Printed-circuit board 
assemblies are now used 
in domestic, industrial and 
office equipment. 

In the photograph, a 
technician is seen pro- 
gramming complex com- 
puter-controlled equip- 
ment used to assemble 
components on to PCBs. 
This equipment is capable 
of picking up and placing 
components at rates of up 
to 25 000 an hour, select- 
ing from up to 100 differ- 
ent types of component at 
any one time. 

Race Electronics, Race 
House, Lanelay Road In- 
dustrial Estate, Talbot 
Green, Pontyclun, Mid 

| Glamorgan CF7 8YY 
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FORGING LINKS WITH FIBRE 


The old saying about advancing two steps forward and one step back 
has never been more aptly applied than in describing the introduction 
of Information Technology—IT—to the intelligent building. 

During the early 1980s, many large companics, eager to take ad- 
vantage of the advances in computer technology, installed shiny new 
copper cabling systems to link their PCs and terminals with the cor- 
porate mainframe. The popular concept of a PC or a terminal for ev- 
eryone soon followed. Cabling systems that were designed as the 
absolute answer to the needs of their day had to be extended and 
augmented to meet the rapid growth in demand for computer access. 
At the same time, communications technology was developing to- 
wards the advent of the Local Area Network, then the Wide Area 
Network — additional ways of making more elficient collective use 
of processing power. 

All these IT innovations offered dramatic improvements in op- 
erating efficiencies for the corporate user, but all carried with them 
a severe penalty. Additional cabling on a grand scale was required 
to link these elements of IT with one another. Many buildings began 
to groan under the strain. 

Ducts and trunking became overloaded, buildings had to be re- 
structured to accommodate the ever-growing demands for more and 
more cable links. What were thought to be definitive cabling systems 
became redundant when major staff re-grouping was required. No- 
body knew which cables went where, so rather than try to utilize the 
very considerable in-situe capital investment, which was far from 
being written down In value, it was easier to install new cables and 
make new connections rather than try to find out what connected 
what and if it would cope, 

Meanwhile, another force was conspiring to influence the de- 
mands of [T. The software industry was developing and improving 
its applications. A new level of sophistication was reached with 
CAD/CAM, CIM, DTP and the birth of the work station to handle 
them. Software became more user-friendly. At the same time. these 
innovations consumed vast amounts of processor memory and im- 
posed further demands on data communications provision. 

Optical fibre data links were always available as an alternatrive 
to overfilled ducts and high data rates, but the average user had no 
real need at that time of its vast signal carrying capacity. The slightly 
increased cost of fibre coupled with a fear of what was perceived as 
new technology deterred all but the most far-sighted, and those with 
the highest population of terminals. Today, the scene has changed 
and most new premises built for the purpose of housing knowledge- 
workers have at least a fibre backbone with probably one or two 
spurs of fibre linking the distant users with the mainframe or the 
data switch. The situation has progressed with fibre carrying all the 
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heavy traffic and copper linking the majority of the individual users. 

New buildings have always been easier to deal with in terms of 
cabling. Today, the exercise has been further simplified by a major 
rationalization of building communications requirements. This has 
been achieved through the introduction of integrated cabling sys- 
tems designed to handle both telecommunications needs and data 
communications. The advantages of an integrated cabling system 
are the variety of communication protocols it can serve and its flex- 
ibility to allow moves and changes after installation. 

Probably the most interesting of the integrated cabling systems 
is AT&T's Systimax!’ Premises Distribution System or PDS. which 
is available in the UK from Pilkington Communication Systems. 
Pilkington ts offering an enhanced form called PDS Plus. Over 4.000 
PDS installations are in existence in the USA and over one hundred 
in the UK. 

The system was introduced in 1984 in the USA where about 50 
per cent of all data cables within new office buildings are part of 
structured cabling systems. In the UK the present volume is around 
15 percent but rising fast. A very high penetration is likely for larger 
installations. 

For voice and the less demanding terminals, twisted copper pairs 
will remain satisfactory for the time being. PDS is capable of han- 
dling numerous protocols through the use of baluns and uses the 
same cables, plugs and adaptors tor both voice and data. Simple dual 
wall socket outlets marked with symbols denoting telephone or data 
use are provided. Changing office layout or type of service required 
at the desk is quickly and easily carried out. Telephones and termi- 
nals can be moved [rom one office to another with the minimum of 
disruption and expense. Unlike previous all-copper cable systems. 
PDS accommodates simple upgrade paths in line with most future 
needs. However, for real future proofing the only solution is to run 
fibre to the desk — a decision already being implemented by some 
major institutions. Pilkington has patented a new high-density sys- 
tem, the Flexilink 6000, which allows greater flexibility for moves 
and changes and supports all the modern communications protocols, 

By the end of the century, optical fibre is expected to become the 
dominant medium for data communication. Today, an optical fibre 
system offers a better life expectancy than any other part of [T. In 
the mean time, copper cable is far from becoming redundant. Peace- 
ful coexistence between the two types of medium is the new way — 
cach fulfilling its own specific function and combining to form a 
highly efficient blend of technologies. 

When configured as a backbone infrastructure and especially 
when taken to every desk, optical fibre represents true technological 
future proofing. a 
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COMPUTER MISUSE ACT 

On 29 August last it became an offence in the 
UK to gain access to, or modify. computer ma- 
terial without authority. The new, and long 
overdue, Computer Misuse Act is directed at 
hackers who gain access to computers through 
the telephone system and those who write com- 
puter viruses. Penalties of up to six months’ im- 
prisonment or a fine of up to £2,000 for unau- 
thorized access may be imposed, increased to 
five years and an unlimited fine for modifying 
programs or when the access is part of a more 
serious crime. 


PC FAX CHIPSET FROM 
SILICON SYSTEMS 
Silicon Systems has claimed to be the first to 
offer a PC/FAX device set, the SSI 73D2291 
and 73D2292 that complies with the newly 
adopted Electronics Industry Association in- 
terface standard for PC/FAX. 


The new standard. designated EIAS78, pro- 
vides standardization that guarantees compat- 
ibility. with third-party software. This will 
greatly simplify PC/FAX products, both from 
a standpoint of design and for the end user. 

The 73D2292 is intended for applications 
that require half-duplex 9600 bit/s operation. 
It provides full Group 3 facsimile modes (V.21 
Ch.2. V.27ter, and V.29) as well as conven- 
tional 2400 bit/s communications. 

The 73D2291 ts ideal for FAX-only appli- 
cations, such as Local Area Network—1.AN— 
FAX servers. 

Silicon Systems. 14351) Myford Road. 
Tustin, CA 92680, USA, 


FIRST EUTELSAT I SATELLITE 
The first in the new series of EUTELSAT I com- 
munications satellites, EUTELSAT DEL. was 
launched successfully on August 30 by an Ar- 
jane 4 rocket from the Kourou Space Centre in 
French Guiana. Towards the end of Septem-ber, 
it took over the radio and television channels 
from EUTELSAT | F4 with no interruption of ser- 
vices, 

EUTELSAT 11 FL is the first of six new satel- 
lites. each of which is equipped with 16 simul- 
taneously operational transponders with S0- 
watt power amplifiers, and provides coverage 
of the entire European continent, parts ot North 
Africaand the Middle East. All can carry a wide 
variety of services, including telephony, satel- 
lite newsgathering, European Broadcasting 
Union (EBU) programme exchanges, land mo- 
bile communications, and radio and television 
channels in all transmission standards, includ- 
ing PAL, MAC, SECAM, and high definition. 


ELECTRONICS SCHNE 


European Telecommunications Satellite 
Organization, Tour Maine-Montparnasse 33. 
avenue du Maine. 75755 Paris Cedex 15. 


C2) RS COMPONENTS ACQUIRES 
VEROSPEED 
RS Components Lid, a subsidiary of Flectro- 
components PLC, has acquired the Verospeed 
Group from BICC. 

The Verospecd Group is a service level dis- 
tributorof electronic and electrical components 
operating in’ the UK, France. Germany and 
Austria. About 50% of its turnover in 1990 will 
be outside the UK. 

RS Components is claimed to be the market 
leader in service level distribution of clectronic 
and electrical components and equipment and 
is the largest company of its kind in Europe 
with sales of £225 million in 1989, 

Electrocomponents PLC, 21 
bridge, London SWIX 7LY. 


Knights- 


LOW ON-RESISTANCE 
POWER MOSFETS 


Two new power MOSIETS from Siliconix, the 
SMP60N06- 14. a 60 V. 60 A device. and the 
SMW70N06- 14.0 60 V. 70 A device, have the 
exceptionally low on-resistance of 14 mil- 
hohms maximum. 

Both devices are ideal for modern automo- 
uve applications where cool operation and 


small size are vital. They may be used to replace 
two components in situations where designers 
have traditionally used parallel MOSFETs to re- 
duce on-resistance, or they may be used to re- 
duce the size of heatsinks. 

Siliconix Ltd. Weir House. Overbridge 
Square, Hambridge Lane. Newbury, Berks 
RGI4 SUX. 


CUSTOMS CLEARANCE VIA 
SATELLITE 

A Russian ship. sailing between Leningrad and 
Stockholm, recently demonstrated how ships 
can clear customs via satellite instead of paper- 
work. The //ich sent customs information via 
the Inmarsat satellite system to Swedish port 
authorities, paving the way for “paperless” 
clearance of ships in future. 

The information was sent as an electronic 
data interchange—EbI—a form of transmitting 
and processing data between computers di- 
rectly. without the need of intervention by an 


operator. The only equipment needed were u 
portable computer, a modem and an Inmarsat- 
A satellite communications terminal. 
International Maritime Satellite Organiza- 
tion, 40 Melton Street. London NW 1 2EQ, 


FIRST PHASE OF CHIEF GOES LIVE 
The first phase of British Telecom's £70 mil- 
lion computer system that will process. the 
United Kingdom's trade with the rest of the 
world has been successfully brought into ser- 
vice for HM Customs and Excise. 

The new Customs Handling of Import and 
Export Preight—crer—will eventually pro- 
vide fast and efficient processing of goods en- 
tering and Jeaving the country and will be ac- 
cessed by thousands of importers, exporters 
and freight forwarders. [t will provide a com- 
prehensive service for Customs in relation to 
the control of trade and the collection of rev- | 
enue and will ensure that the vital flow of goods | 
is uninterrupted, 

British Telecommunications PLC, $1 New- 
gate Street, London EC]A 7AJ 


NEW VIEW OF CRICKET 
Television viewers of the traditional English 
game of cricket, which is now played in 
many different parts of the world, will soon 
see matches from a new angle. since engi- 
neers have succeeded in putting a miniature 
TY camera inside one of the three cricket 
stumps. Viewers will thus have much the 
same view of the bowling as the batsman. 

A tiny camera, like the one used for se- 
curity and undercover work. has been in- 
serted in the wicket some 558 mm from. the 
pitch Jevel, pointing upwards. A_ plastic 
prism, fixed on a cushion of silicone to pro- 
tect itagainst impact, reflects an image on to 
the lens from between the batman's pad and 
bat. 

Granada Television, Manchester M60 9EA. 


MINI-MODULE 68 K 
MICROCONTROLLER 
The Mini-Module trom PSI Systems is a small 
32/16-bit microcontroller that has its own high- 
level language. Keenly priced. it is aimed at 
meeting the many needs of the OEM and systems 


; 
{ 


designer. Based on the Philips 93C100 series 
68000 compatible microcontroller, the Mini- 
Module can interface to any 68000, 8051 or 2C 
peripherals. | 


j 
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One of the main advantages of the system 
is its case of use by means of PS] Modula-2. 
This is an interactive programming language 
that is as easy to use as BASIC, Many character- 
istics of this language derive directly from Pas- 
cal, The language is multi-tasking so that sey- 
eral programs may run concurrently. 

OF particular attraction to education and 
first-time users is the evaluation board. The 
Mini-Module plugs into this mother board to 
provide digital channel indicator LEDs, ana- 
logue input sources. a DAC output and two extra 
serial ports. 

PSI Systems, Cnit 17-18, Zone D, Chelms- 
ford Road Industrial Estate, Great Dunmow, 
Essex CM6 IXG. 


NATIONAL ASTRONOMY WEEK 
With the ever increasing use of electronics to 
aid astronomers. there is, in return, a growing 
interest in astronomy by electronics enthusi- 
asts. It may, therefore, interest many readers 
that 17-24 November is National Astronomy 
Week. During that week, there will be hun- 
dreds of locations throughout the UK and Ire- 
land, ranging from small amateur societies to 
large professional observatories, inviting you 
to see tor yourself the majestic heavens, our 


[EE MEETINGS 

| November — 33rd Hunter Memorial Lee- 
ture: The challenge to UK power engi- 
neers, 

2 November — University research in mo- 
bile radio, 

5 November — Interactive video applica- 
tions. 

6 November — Measurements lecture: 50 
years of measurement. 

7 November— Signal and image processing 
in radio astronomy. 

§ November — Software tools for interface 
design, 

§ November — Telecommunications trans- 
mission systems, measurements and per- 
formance modelling. 

9 November — Parallel processing applied 
to field computations. 

12 November — VX [bus instrumentation. 

13 November— The UK interest in Horizon 
2000: the ESA space science pro- 
gramme. 

13 November — The application and instal- 
lation of electrical equipment in major 
building projects. 

13 November — Continuous education and 
training: a formal requirement for reten- 
tion of IEng and CEng? 

14 November — Systems engineering in IT 
security. 

1S November — Thick and thin film sen- 
SOPs. 

18-19 November — Direct-to-home broad- 
cast by satellite. 

20 November — Non-linear effects in fibre 
communications. 

22 November —- Education in the space and 
satellite community. 

23 November — Management responsibil- 
ities in The Electricity at Work Regula- 
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ELECTRONICS SCENE 


near neighbours the Moon with its craters, the 
“red planet” Mars, and giant Jupiter with its 
four moons discovered by Galileo. 

There are also many in-door events: exhi- 
bitions. talks and slide shows, in schools and 
colleges, observatories, leisure centres, muse- 
ums and planetaria. 

The week also sees the launch of the Dark 
Skies 2000 campaign. The wonders of the sky 
are becoming more difficult to enjoy in urban 
areas because of light pollution. Astronomers 
are not against street lighting, they just think 
that more thought could be given to its design 
and installation. Any light going upwards is 
wasted energy that we all pay lor. 

Linda Simonian, the NAW Coordination 
Team, The Astronomy Centre, Todmorden 
OLI4 FHW, Phone 0706 816964/8 15816. 


UK PAYLOAD FOR NEW INMARSAT 
COMSATS 
The International Maritime Satellite Organiza- 
TlON—INMARSAI—has chosen a Marconi pay- 


BY IE NTS 


Hons, 

26 November — WARC-92 preparations. 

27 November — CT2/C Al and DECT cord- 
less telecommunications. 

27 November — Installation and mainte- 
nance of security equipment. 

28 November — IT support for systems en- 
gineers. 

28 November — The BSB Data Vision pro- 
ject. 

29 November — Europe 1992 and The 
Wiring Regulations. 

29 November — Microsatellites for space 
research, radio and education. 

29-30 November — Iligh performance 
electronic packaging. 


Information on these. and many other, 
events may be obtained from the IEE, Savoy 
Place, London WC2R OBL. Telephone 
O81 240 1871. 


PRONIC 1990 — the International Exhibi- 
tion of Equipment and Products for Elec- 
tronics Manufacturing — will take place in 
Paris on 12—16 November at the Paris-Nord 
Exhibition Centre. 

Details from Promosalons (UK) Ltd, The 
Colonnades. 82 Bishops Bridge Road, 
LONDON W? 6BB, Phone 071 221 3660, 


Another All Formats Computer Fair will 
be held at the New Hall of the Royal Horti- 


Joad for its third generation of satellites. 

The solid-state system comprises two inde- 
pendent transponders. The forward transpon- 
der converts the C-band signals received from 
the fixed earth stations to L-band signals. 
which are then transmitted to mobile users. The 
other transponder in turn receives the L-band 
signals from mobile users and converts them 
to C-band signals for transmission back to the 
fixed earth stations, 

Marcont Space Systems, Anchorage Road, 
Portsmouth PO3 SPU. 


KENYA EXTENDS ITS MICROWAVE 

RADIO N ETWORK 
Kenya is to use GPT equipment for a new mi- 
crowave radio network that will span. the 
Kenyan coast from the Tanzanian border to 
near the border with Somalia and inland to 
Nairobi. [t will also link up with the Nairobi to 
Mombasa microwave system currently being 
installed. 

The expanded network will use digital 
equipment that is to replace existing 960-chan- 
nel analogue equipment, 

GEC Plessey Telecommunications, PO 
Box 53, Coventry CV3 1 HJ, 


cultural Society, Greyeoat & Elverton St., 
London on 4 November. Tickets and inform 
ation from Mike Hayes. § Midgrove, Delph, 
Oldham OBL 5EJ, Telephone 0457 875229, 


The Total Solutions Exhibition (drives, 
motors. controls, sensors, data acquisition, 
tclemetry, interfacing systems. program- 
mable controllers) and Coil Winding Inter- 
national will be held concurrently at the 
NEC, Birmingham on 6-8 November, 
Details from The Evan Steadman Commu- 
nications Group, The Hub, Emson Close, 
Satfron Walden, Essex CBIO 1HL, Tele- 
phone 0799 26699, 


An Advanced Sensors Seminar will be 
held on 28 November. Details from Confer- 
ence Group, ERA Technology Ltd. Cleeve 
Road. Leatherhead KT22 7SA, ‘Telephone 
0372 374151. 


The Computer Graphics Film Festival and 
the Desktop CAD Exhibition will be held 
concurrently at the Alexandra Palace, Lon- 
don, on 6-8 November. 

The Electronic Displays exhibition and con- 
ference will be held at the Wembley Confer- 
ence & Exhibition Centre. London, on 6-8 
November. 

The Computers in the City exhibition and 
conference will be held at the Barbican Con- 
ference & Exhibition Centre, London, on 
6-8 November, 

Details on these four events from Blenheim 
Online Ltd, Ash Hill) Drive, Pinner 
HAS 2AE, Telephone O81 868 4466. 


EEE 


SMOKE DETECTOR 


Although modern 
construction methods 
have significantly reduced 
the risk of a building 
burning down to the 
ground, any fire can cause 
considerable damage. 
Since fire prevention is a 
matter of interest for all of 
us, we present a low-cost 
smoke detector that 
signals the start of a fire. 


from an idea by R. Lucassen 


IRE, as we all know, is extremely danger- 

ous, and it is surprising how little is ac- 
tually done to prevent it in, say, a modern 
home. This is in contrast to industrial build- 
ings and offices where complex fire detection 
and fire extinguishing equipment is  in- 
stalled. Most, if not all, offices these days 
have at least the minimum (legally required) 
equipment in the form of one or two fire ex- 
tinguishers. In many houses, however, the 
means to extinguish a fire in its early stages 
are limited toa few buckets of water. And to 
think that there are a good many potential 
fire sources in the modern home: a stove can 
overheat, a frying pan can catch fire, or a 
short-circuit can start a fire via the electrical 
wiring. Burning cigarette ends are also no- 
torious causes of serious fires. In short, more 
attention should be paid to fire prevention. 

Preventive measures, such as the use of 
flame-retardant materials, can be reinforced 
by the installation of reliable fire detectors at 
a number of locations in the home. The opti- 
cal smoke detector presented here is such a 
detector, 


No smoke without fire 


Since almost any fire is marked by a lot of 
(suffocating) smoke, most fire detectors are 
based on the principle of smoke detection. 
Basically, two types of smoke detector exist: 
types with a radio-active sensor, and types 
with an optical sensor. The latter is used here, 
since it is reliable and safe. Smoke sensors 
with a radio-active isotope are less suitable, 
we feel, for use ina circuit for home construc- 
tion since they are difficult to obtain, and re- 
quire special handling — precautions. 
Moreover, the safe disposal of the radioac- 
tive material forms a real problem when the 
sensor is used up. 

The optical sensor used here is inexpens- 
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Fig. 1. Construction of the infra-red bar- 
rier that forms the sensor of the smoke de- 
tector. 


ive and simple to build. In fact, it is made 
from a few pieces of scrap material, an infra- 
red emitting diode TRED), and two common 
photodiodes. When built with care and pre- 
cision, this sensor is at least equal to commer- 
cial types as sensitivity and 
reliability, 


regards 


Construction of the sensor 


The sensor is housed in a transparent ball- 
point holder. Figure | shows the general con- 
struction of the device, The sensor is based 
on the principle that smoke attenuates infra- 
red CHR) light transmitted through air. The 
higher the smoke density, the lower the IR 
light intensity on the photodiode. The trans- 
mitter, an IRFD Type D274, is fitted in an 
approximately 1.5-cm long piece of the ball- 
point holder. The inside diameter of the 
holder may have to be drilled out to enable 
the IRED to be seated firmly. The photodiode 
is fitted in a similar manner at the end of a 
3-cm long tube section which is made light- 
resistant with a piece of heat-shrink sleeving 
or black self-adhesive tape. This is not 
necessary for the transmitter tube, although 
a few pieces of heat-shrink sleeving may be 
used to give it the same diameter as the re- 
ceiver tube. This is done mainly to enable the 
two tubes to be fitted face to face on a small 
piece of stripboard, which also accommo- 
dates the electronic circuit. Do not make the 
transmitter tube light-resistant over the full 
length, since an additional photodiode must 
be mounted on it to function as a reference 
device. This diode ts fitted at the outside of 
the transmitter tube, in direct optical contact 
with the IRED, 

The two tubes are fitted on the circuit 
board at a distance of about 3 cm, To prevent 
flying insects interrupting the IR beam and 
causing false alarms, the space between the 
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IC3= TLOF2 


Fig. 2. 


tubes is screened with a fine wire mesh, 


The circuit 


The sensitivity of a circuit designed for use 
as an electronic signalling device requires 
careful consideration. If the circuit is made 
.too sensitive, false alarms will be generated 
by the dozen. Conversely, if the sensitivity is 
too low, a hazardous situation is signalled 
too late for the necessary action to be taken 
and prevent further damage. Hence, the de- 
sign of the smoke sensor must meet demands 
which are stricter than many other electronic 
circuits of similar complexity, 

The circuit diagram of the smoke detector 
is shown in Fig, 3, The TL497A in the bottom 
right-hand corner of the diagram forms part 
of a compact voltage inverter that converts 
the +12 V supply voltage into one of -11 V. 
This allows the symmetrically powered cir- 
cuit to be used with a single 12-V mains 
power supply, which may be combined with 
a rechargeable (emergency) battery. 

The optical sensor consists of a transmit- 
ter diode and two receiver diodes. The trans- 
mitter is driven by a rectangular voltage, 
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Circuit diagram of the optical smoke detector. A relay output is provided for ready 
connection to an existing alarm system. 


which causes it to emit pulsating infra-red 
light. A pulsating, beam is used here instead 
ofa steady one to allow the receiver to be AC- 
coupled, After a few experiments with a DC- 
coupled system, this was found to confirm, 
ina negative sense, the dependency of the IR 
beam intensity on temperature. As a result, 
the DC-coupled receiver produced many 
spurious alarms even on small changes of the 
ambient temperature. After changing the 
system into an AC-coupled) version, it 
proved largely immune to temperature vari- 
ations, mainly because the effect of low-fre- 
quency voltage changes is eliminated by 
filters. 

An L-C filter is used to limit the band- 
width of the receiver and so render it insen- 
sitive to noise and pulse-type interference. 
Circuit 1C2,a Type 555, is set up as an astable 
multivibrator lo provide the switching pul- 
ses to the FRED via transistor Ti, The pulse 
frequency used here is about 10 kI Iz. 

The circuit diagram shows two receivers, 
built around photodiodes D2 and D4. The 
first, D2, receives the infra-red beam via the 
smoke slot. The intensity of the incident IR 
light on the photodiode drops when the 


beam is attenuated by smoke resulting from 
fire. The other photodiode, D4, forms a refer- 
ence device. The IR light intensity it receives 
is, in principle, fixed, since it is fitted quite 
close to the IRED, so that the extra beam at- 
tenuation caused by smoke is negligible. 
Since the output signal of D4 is used to pro- 
vide a reference level in the circuit, the tem- 
perature dependence of the transmitter 
diode has no effect on its operation, When the 
temperature changes, the reference level 
changes with it. Note, however, that the out- 
put of the [RED drops when the temperature 
rises. The comparator in the detector com- 
pares the output levels of the two amplifiers. 
When the balance between the two is upset, 
the circuit produces a smoke alarm, 

The amplifier with photodiode D2 is 
made much more sensitive than that with Da, 
because the intensity of the IR light it receives 
is much lower, The sensitivity is determined 
by Rs and Ro, Because of the higher bias volt- 
age across the diode, the light intensity re- 
quired for a considerable photocurrent is 
relatively low. Capacitor C7 suppresses 
spurious pulses produced by, for instance, 
the switching power supply, the refrigerator, 
or the vacuum cleaner, 

Amplifiers ICs and IC4 are followed by 
twosimple rectifiers composed of D3-C12-Rtu 
and Ds-Ci7-R12-P1 respectively. The direct 
voltages provided by these rectifiers are di- 
rectly related to the measured LR light intens- 
ity. The output signals are compared by IC3u, 
whose output switches a relay via transistor 
Tz. 

Two LEDs are used to indicate the state of 
the smoke detector. The stand-by state is in- 
dicated by Dy, and the smoke alarm state by 
Ds. Preset P1 determines the level at which 
the comparator toggles, The higher the sen- 
sitivity, the less smoke required to actuate the 
relay. 


SMOKE DETECTOR 


Construction 


The circuit is easily built on a piece of vero- 
board or stripboard. When determining the 
positions of the components on the board, 
make sure that all ground connections are 
keptas short as possible, and that the switch- 
ing power supply is located well away from 
the input stages. Inductors L4 and Ls should 
have an internal resistance smaller than 10) 02. 
In the prototype, Toko types from the 10RB 
series were used with good results. The low 
internal resistance is required to ensure a suf- 
ficiently high Q (quality-) factor of the L-C fil- 
ter. A low Q factor increases the bandwidth 
and the receiver's susceptibility to noise. 

For best results, it may be worth while to 
experiment with the distance between the 
two tubes that form the sensor. 

Test the circuit by blowing a little ciga- 
rette or cigar smoke over the sensor. We 
found that the sensitivity of the circuit was 
optimum with [71 adjusted such that the relay 
is just not energized. Since the relay used has 
a normally closed and a normally open con- 
tact, the smoke detector is readily taken up 
into almost any larger alarm system via a 
two-wire connection. a 


DIGITAL CAPACITANCE METER 


Have you just invested ina 
large bag of capacitors 
with incomprehensible, 
little or no markings? Then 
read on. The instrument 
described here has five 
capacitance ranges 
covering a total range of 
100 pF to 100UF, can be 
powered from a single 9-V 
battery, and has a built-in 
over-range indicator to 
prevent ambiguous 
readings. So, build this 
capacitance meter before 
even opening your bag... 


E. Barrow 


NMARKED capacitors can be bought 

very cheaply, but they often remain un- 
used for years because one is not certain of 
their value, A low-cost capacitance meter to 
check out the values quickly and with accept- 
able accuracy is described here. The instru- 
ment is simple to build and based on 
commonly available components, 


A bit of theory 


If mathematics gives you a migraine you 
might like to skip this section and jump to the 
bottom line. 

Consider a capacitor C charging through 
a resistor KR from a supply voltage U. as 
shown in Fig. I, 
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Fig. 1. Basic capacitor charging circuit. 
Both Us and Uc: are measured w.r.t. ground. 


The voltage on the capacitor, U., may be 
written as 


Ue= Ue (l-e  ) 


where cis the base of natural logarithms, or 
2.718282. Rearranging, 


_U, 


: Ul. 


e 
rearranging and taking natural logarithms 


at he 
ea pee Pe 


If we make R, Lf, and UU, constants, then the 
left-hand side of the equation becomes a con- 
stant term. So, 


t ws 
_= constant or CeHeki 
c 


In other words, by measuring, the time taken 
for an unknown capacitor to be charged toa 
certain voltage by a fixed potential (see 
Fig. 2), we can calculate its capacitance if we 
know the value of &. An even better way is to 
set the value of k to some round number by 
altering R. This allows us to measure the 
charge time and take this value directly as ca- 
pacitance. 

To cover wider values, range switching is 
done by changing the charging resistor, and 
so k, by a factor of 10. To keep the resistance 
within manageable levels, e., between | kQ 
and | MQ, we also switch the clock fre- 
quency used to measure the charge time to 


Vjonth of its value. Thus we get a total range 
of 5 decades. | 

The main problem comes when we | 
measure electrolytic and tantalum bead ca- | 
pacitors. These tend to have relatively large 
leakage currents as their dielectrics are not 
good insulators like, for instance, poly- 
styrene, So, as the idea postulated by Fig, | 
no longer holds true, it has to be redrawn as 
in Fig. 3. 

To eliminate the error that would arise 
from the presence of the parallel resistor, the 
charging resistor can be made smaller to in- 
crease the charging current. This minimizes 
the effect of the leakage resistance, Ry. 

The standard by which the charge time is 
measured is a fixed clock, This clock is also 


time 


taken time ———_——_» 
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Fig. 2. 


The charge voltage of a capacitor is 
essentially a logaritmic (e-} curve. 
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Fig. 3. 
of electrolytic and tantalum capacitors... 


Accounting for leakage resistance 


divided by 100 to give a second reference as 
mentioned above. After bemng selected, one 
of the reference clocks feeds another bwo 
counters. The first one is used along with a 
D-type bistable, configured to divide by 2, to 
generate all the timing signals, ie., to reset 
the counters and the display, and charge and 
discharge the capacitor. The second counter 
feeds the display drivers. The whole oper- 
ation is shown in the block diagram in Fig, 4. 


How it works 


The practical circuil of the digital capacitance 
meter is Shown in Fig. 6. A timer Type 555 in 
astable mode generates the fixed clock, 
which has a frequency of about 20 kHz. This 
isalso divided by a4518 dual decade counter, 
IC2, to give a second clock of 200 Hz. One of 
these frequencies is selected by SLA, and 
divided by 100 (ICa) and subsequently by 2 
(ICaa). The complementary outputs Q and Q 
are used for all timing operations. 

To understand the operation of the cir- 
cuit, let us assume that it has been running a 
while, and output O is about to go high for 
the next 100 clock pulses. On this positive 
edge, a positive pulse is sent to the display 
counter, IC, resetting it to the zero state, The 
bilateral switch, [C5c, is now closed, charging 
the test capacitor through the charging resis- 
tor selected by Siz. A simple voltage refer- 
ence for the task has been built around zener 
diode D1, 

If the capacitor has a value within the se- 
lected range, it will be charged to half the ref- 
erence voltage within 100 clock pulses. When 
it reaches this voltage, the output of com- 
parator ICb goes high, sending a pulse to the 
latches of the display drivers. This pulse lat- 
ches the current value of counter C7, which 
now appears on the display. 

As we have chosen the value of the charg- 
ing resistors, the value on the display is also 
equal to the capacitance. After the 100 clock 
pulses have elapsed, output Q goes low and 
O goes high. This opens the charging bilat- 
eral switch, [Csc, and closes the discharging 
one, [C58. So, for the next 100 clock pulses the 
capacitor is discharged. A clock timing diag- 
ram of the operation is shown in Fig. 5. 

Although the capacitor under test will 
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DIGITAL CAPACITANCE METER 


display 
decoders 


Fig. 4. 


never totally discharge, the amount of charge 
left in the worst possible case is unlikely to 
affect the accuracy, as it will be less than 1% 
of the total, and the system is only accurate 
to 1] count. 

When the discharging cycle is started, the 
output of the comparator is sampled by bi- 
stable 1C48. If the output is low, the capacitor 


CHARGE CYCLE 
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Block diagram of the capacitance meter. 


is outside the selected range, and the ‘over- 
range’ LED lights. If the comparator output 
is high, the capacitor is within the selected 
range, and the LED is turned off. 

Both [Cs and IC# are BCD-to-7 segments 
decoders, set to drive common-cathode LED 
displays, Note that capacitors Cs and Ci are 
essential to prevent the glitches produced by 
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Fig. 5. 
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Timing diagram to illustrate the operation of the circuit. 


TEST AND MEASUREMENT 
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Fig. 6. 


the digital clocks upsetting the timing of the 
circuit. 


Construction 


The author's design for a_printed-circuit 
board is shown in Fig. 7. Firstly, solder the 
link wires, resistors and the zener diode (re- 
member to get the polarity right). In the 
prototype, all resistors used were 5% types. 
Because of the compact nature of this project, 
use a pencil nose soldering bit and a lot of 
care (watch out for bridging tracks). Next, fit 
the capacitors, IC sockets and the presets 
(vertically mounted types are used here). It 


is recommended to use polyester capacitors, 
especially for timing purposes {(e.g., Cl) as 
these are stable. The presets area tight fit and 
the solder pads are small, so that their legs 
may need a little filing to fit the holes. Next 
comes the 2-pole rotary range selecting 
switch, which is fitted on the front panel of 
the enclosure. Ribbon cable is suggested to 
connect the display to the main board. In the 
prototype, a small off-cut of veroboard was 
used to mount the display, and a small non- 
teflective bezel to improve the readability. 
The display can be almost any dual common- 
cathode LED type. Four bolts are used to 
hold the board in place, and a clip or a piece 


Circuit diagram of the digital capacitance meter. Although two LED displays are shown, a dual type may also be used. 


of two-sided adhesive tape to stop the battery 
from rattling around in the case. Two 4-mm 
sockets, one red (for +) and one black (for 
0 volts), are fitted on the cover plate to con- 
nect the unknown capacitor. 

Note that if IC sockets are used, C2 and C3 
become tight fits, so use dise ceramic types 
here, 


Testing 


The completed printed-circuit board may be 
tested after it has been connected to the bat- 
tery and the external controls. To test the in- 
strument, a voltmeter is required and, if you 
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have one, an oscilloscope. 

First, check that pin 3 of [C1 is supplying 
a20-kHyz signal. This check is best made with 
an oscilloscope, although it is possible, if you 
have bat-like hearing, to try use a pair of 
headphones and a series resistor. Also check 
pin 14 of IC2, which should supply a 200-Hz 
signal, 

Set the range switch to the highest range 
(100 WF), when pin 14 on [C3 should be tog- 
gling at about 2 Ez. Finally, check pins | and 
2 of IC4, which should be toggling at 1 Hz, 
out of phase with each other. 

To check the charging and discharging 
mechanism you need a voltmeter. Check that 
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Author's design of a printed-circuit board for the capacitance meter. 


there is a stable 6.8 V across the zener diode. 
Connect a 68-1F capacitor to the unit. The 
voltage across it should rise and fall regular- 
ly. Similarly, the output of the comparator, 
pin 7 of ICs, should also be pulsing regularly. 
If the capacitor is changed by one whose 
value falls outside the range, the compara- 
tor’s output should remain low, and the LED 
turn on. 


Setting up 


This requires a bit of common sense as cach 
range necds calibration separately. Needless 
to say that access to a set of reference capaci- 


hae! 
COMPONENTS LIST 
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Resistors: 

1 5kQ6 Ri 

1 33kQ R2 

3 20kQ R3:R24;R25 
14 1kQ R4-R17 
1 27kQ R18 

1) 10kQ2 Rig 

1 1kQ R20 

2 12kQ R21;R22 
1 8200 R23 

1 4ka27 R26 

1 52ka R27 

1 7kQ5 R28 

1 82kQ Reg 

1 820kQ R30 

1 220kQ R31 

2 2kQ2 preset V P1:P3 

2 22k preset V P2:P4 

1 220kQ preset V P5 
Capacitors: 

5 inf C1-C5 
2 4nF7 C6;C11 

1 6uF8 tantalum C7 

1 47uF C8 

1 2nF2 cg 

1 100UF C10 
Semiconductors: 

1 NE555 IC1 

3 4518 IC2;IC3;IC7 
1 4013 IC4 

1 4066 IC5 

1 M311 IC6 

2 4543 IC8 ICS 

1 6V8 0.4W zener diode D1 

1 LED 5-mm dia. D2 

1 dualCCLEDdisplay LD1;LD2 
Miscellaneous: 

1 2-pole 5-way rotary switch $1 
1 miniature on/off switch $2 
1 PPS battery connector 


tors or another capacitance meter would 
make life easy. 

For the low ranges, setting up is fairly 
easy as 1% and 2.5% polystyrene capacitors 
are widely available. Note that the tolerance 
of your reference capacitor determines the 
overall accuracy of the final setting. A good 
choice is 6.8 nF (1% or 5%) for the first range. 

Connect the capacitor and adjust P11 until 
the display reads the expected value, in this 
case ‘68°. If you have a few different capaci- 
tors lying around, use an average to adjust 
the preset. Follow the same procedure for the 
other ranges, so for the second range try a 
68 nF capacitor, and a 680 nF one for the third 
range. 

The top two ranges are a little difficult to 
calibrate as the type of reference capacitor is 
practically limited to an electrolytic or a tan- 
talum one. Unfortunately, both these types 
have a tolerance of typically 20‘%.. Here, it is 
best to use a mix of available capacitors and 
average out the readings to get a consensus, 
Obviously, all polarized capacitors must be 
connected the right way around, a 


400-WATT LABORATORY POWER 


PART 2: MODES OF OPERATION, CONSTRUCTION AND 
SETTING UP 


SUPPLY 


Before dealing with the construction of the PSU, this second and 
final instalment discusses the operation of the four modes in which 


THE complete 400-watt power supply as 
shown in the photograph consists of two 
identical circuits, which are built on separate 
printed-circuit boards. Each printed-circuit 
board holds four pin headers for the inter- 
connection of the circuits and their connec- 
tions to the read-outs and controls on the 
front panel. Each PSU has two indication in- 
struments, one for the voltage (connected to 
pin 6 of Ks) and one for the current (con- 
nected to pin 3 of Ks), The voltage read-out, 
M1, is connected in parallel with the output 
terminals, and the current read-out, M2, in 
parallel with shunt resistor Ris, 

Header K4 connects the circuit to the two 
potentiometers for the voltage and current 
settings, and to the two LEDs that indicate 
the onset of the limiting circuits. 


Modes of operation 


As shown in the ‘Main Specifications’ box in 
last month’s instalment, the power supply is 
capable of four modes of operation. Each of 
these is briefly discussed here. 


the instrument can be used. 


G. Boddington 


Mode: Single 

This mode is the simplest of the tour, It re- 
guires only one printed-circuit board. Con- 
nector K3 need not be fitted, while K2 is wired 
with three fixed connections: 13-14, 15-16 
and 17-18. 


Mode: Independent 

This mode allows the two PSUs to be used 
and setindependently, withoutany electrical 
interconnection (except, of course, the one at 
the mains socket). Note that although the two 
circuits are linked via the flatcable between 
K2 and Ka, the connections are broken by 
switch $2, Each PSU circuit is capable of sup- 
plying O-40 VatQ-5A. 


Mode: Parallel 

This mode is selected by setting the mode 
switch to ‘independent’, and connecting the 
output terminals as shown in Fig. 9. The two 
high-power diodes prevent the supply with 
the higher output voltage pumping current 
into the other. To enable the PSU to deliver 
its Maximum output current of 10 A, the out- 


D1 = BYV33F45 


40V 
5A 


40V 
5A 


900082 - 19 


Fig. 9. In parallel mode, two diodes are 
used to couple the supplies. This arrange- 
ment prevents a short-circuit as a result of 
possible potential differences between the 
positive output terminals. 
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put voltages of the two supply circuits 
should be set to match as closely as possible. 
As shown in Fig. 9, the Type BY V33F45 from 
Philips Components contains two high-cur- 
rent Schottky diodes whose cathodes are 
joined and brought out to a common termi- 
nal. This component is supplied in a SOT-186 
package. Where the BYV33F45 is difficult to 
obtain, other high-current rectifier diodes 
may be used, provided they are rated ata for- 
ward current of 3 A and a reverse voltage of 
45 V or greater. Another important charac- 
teristic is the forward voltage drop of the 
diodes: evidently, this should be a small as 
possible since it is not compensated by the 
supply circuit. 


Mode: Tracking 

In this mode, one supply circuit functions as 
the Master, and the other the as the Slave. The 
diagrams in Fig. 7 (see part 1) and Fig. 10 
show the interconnections made via headers 
K2-K3and the mode switch, $2. On the Master 
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Limiting circuit 
Master 


Master 
Usd 


Slave 


Current 
Voltage 


Table 1. 


PCB, only K2 is used, on the Slave PCB, only 
Ks. The four switch contacts are set to the 
‘tracking’ mode. The positive terminal of the 
Slave is internally connected to the negative 
terminal of the Master. The voltage at the 
positive terminal of the Master is fed to the 
Slave via Ri-Ri1. Switch contact S2h estab- 
lishes a common reference potential, so that 
the positive terminal of the Master and the 
negative terminal of the Slave are at an equal 


MASTER 


Fig. 10. 
Master supply. 
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In tracking mode, the output voltage of the Slave supply is determined by the 


Overview of LED indications to signal overload conditions in the two supplies. 


voltage with respect to the common terminal. 
Only the signs of the two voltages are differ- 
ent. This mode allows the instrument to be 
set up as a symmetrical supply (40 to +40 V), 
or one capable of supplying 0 to 80 V. The 
maximum outputcurrentis 5 A in both cases. 
It should be noted that the internal connec- 
tion via the flatcable is not suitable for cur- 
rents exceeding 100 mA or so. For higher 
currents, an external link must be made on 
the output terminals. This link can take the 
formofasmall piece of copper oraluminium, 
cut to size to fit over the terminals. 

The voltage limiting circuit of the Slave 
works conventionally on the series transis- 
tors. The current limiting circuit, however, is 
coupled to the Master. The connection is 
made via an optocoupler, [Co, to ensure elec- 
trical isolation between the supply circuits of 
the two opamps. When the current limiting 
circuit is actuated, the output voltage of the 
Master drops. Consequently, the output volt- 
age of the Slave drops also. Table 1 shows 
which LEDs light to indicate the various 
overload conditions. 


Construction 


Although the printed-circuit board for a 
single supply is fairly large (see Fig. 11), the 
construction should not present undue prob- 
lems. The power resistors must be fitted at a 
small distance, say, 10 mm, above the board, 
Fit triac Tril with a suitably sized heatsink. 
Since the triac and a number of other compo- 
nents inthe transformer preregulation circuit 
are at mains potential, great care must be 
taken to ensure the necessary insulation. 
Neverbolt the triac to the bottom panel of the 
case, not even when using an insulating wa- 
shers and a nylon screw. Whatever heat-sink 
you use, make sure it can not touch the screw 
or the nut fitted in the corner to secure the 
PCB. 

The opamps and the optocouplers may be 
soldered direct to the board. Where the sup- 
pressor choke, L1, is difficult to obtain, it may 
be replaced by a home-made one. Simply 
wind about 40 turns of enamelled copper 
wire on a 25-mm o.d. ferrite ring core. Apply 
some two-component glue or epoxy resin to 
secure the inductor to the PCB. 

On completion of the supply boards, run 
a thorough check on your soldering work. 
Check that all the polarized components 
(these include the box headers!) are fitted the 
right way around. Next, fit the boards, the 
buffer capacitors, the bridge rectifiers and the 
mains transformers on the bottom plate of 
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POWER SUPPLIES 


COMPONENTS LIST 


ATTENTION: two required of each part 
‘listed. 


. Resistors: 
Pg TOKO RAi1R2.RS;R6 
1. 22kQ R3 
2° AKDT R4,R33 
oe 2kQ2 RZ.R12R23 
Po BKQ2 Re 
P4700 Rg 
BO FORD RIOR 
3° 022 SW RI3.R14,R18 
ope 20a RAS: 
4 980kQ R16 
2° 700k ARIZ: R20 
2°-4kQ R19.A82 
4 220kQ R24 
$48 R22 
Po 2RQ2 TW R24 
1 6802 R25 
fo AP RQ R26 
2 ATK TW R27, R28 
P40kR- OW R29 
4 TSOKLY R30 
Fe 27Kh2 R31 
1 2200 TW R34 
{IMG preset H PA 
2° 2kQ2 linear potentiameter P2,P3a 
1° 2200) linear potentiometer: P3b 
T5002 preset H P4 a 
1 5kQ preset 4 PS ra] 
re] 
Capacitors: 0 
44 OONF 100V Gt 
14 00nF 400V C2 
8. 47nF C7-C10,C15-C18 
2. FO00uF 40V¥ Ct1,012 
2° 40pF 40V 613,C14 | 
2° TAF 63V C19,C21 
4 330pF: C20 
1 100pF C22 
te Qu F2 63V C23 
$-400nF O24 
tec F7ORF 63V C25 
+. 10,000nF 63 V C26 7 
Semiconductors: 
4° 33V4W zener diode. -D1-D4 
doo 8V-0.4W zener diode’ D6 
2 1N4148 D709 


2-red LED (5mm) 08, D24 
10°-1N4004 Dt0,07-4, 
D16-D23 
4-1N4004 Di2-D15 
4 ER9OO Di 
foo 100V' 25 A bridge rect: B1 S 
fier (Motorola BY W614} 
2. BC547B T4,73 
1 BGS578 T2 
2 BDV65B 74,15 
1. THG263D Trit 
fe TIC206D-P Tri2 
Po-7842 {C4 |e 
$7912 Ice 
2 CMA IC3,IC4 
AGONY ATS 1G5 
1 TILA14 16 
| Miscellaneous: 


“4 choke 100nH 6 A (SFT1250) U1 
a Fig 11a. Track lay-out (mirror image) of the printed-circuit board for the PSU. 
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Fig. 11b. Component mounting plan. 
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toroid transformer 2x22V 
@5.11 A {LP 61015 for 
220V mains, oF LP 63015 
for 240V: mains) 
1 PCB-mount transformer 
 BxARV@1OVA 
2 Sle-digit digital voltmeter 
- (Elektor 890117) 
2. 20-way PCB mount box _ 
Se reader 2 : 
1 10-way PCB mount box 
header 
1 B-way SIL pin meade : ee 
6. 3-way PCB terminal block PKLPKO 
2 thermal insulation set for BDV65B : 
4 
4 


thermal insulation set for TIC263D. 
heat-sink 1.1 K/W for T4/T5. (Fischer 
SK120} 

1 heat-sink 13: K/W for Trt (Fischer 
FK225). 

2° 8-way DIL IC sockets 

{heavy-duty wander socket (red) 

+ heavy-duty wander socket (black) 

1 printed-cirouit board 900082 


One required of the following parts: 


1. 6-pole toggle push-button. St 

1. self-adhesive front panel foil 900082-F 
4 -20-way IDC socket 

2° 40-way IDC socket 

1 mains appliance socket with built-in 


fuseholder 

4 B.15A slow fuse (single supply) 
6.3A slow fuse (double supply) 

1 enclosure ESM ER48/13 (250-mm deep) 
or ET38/13 (250 or 350: mm deep); 


the enclosure. The general lay-out of the bot- 
tom plate is shown in the wiring diagram in 
Fig. 12 and the photograph in Fig. 14. 

Cut clearances in the rear panel to enable 
the power transistors to be fitted to the heat- 
sinks. If possible use heavy-duty ceramic in- 
sulating washers and check that each 
transistor is electrically insulated from the 
heat-sink. Failing ceramic insulators, the 
more usual (and less expensive) combination 
of mica washers and a generous amount of 
heat-sink compound may be used. The clear- 
ance for the mains socket is located between 
the heat-sinks as shown in Fig. 13. 

Use 1.5 mm cross-sectional area (c.s.a.) 
wire for the mains connections, and 2.5 mm° 
c.s.a. Wire for the high-current connections, 
To give the PSU a professional internal look, 
it is recommended to use solid wires of dif 
ferent colours because these are easily traced 
and bent to form rigid cable paths where 
necessary. Note that two wires between the 
three-way PCB terminals and the power 
transistors are crossed, 

The 20-way flatcable between the Master 
(K2}and Slave (K3) supply is ‘tapped’ withan 
IDC connector and discrete wires that take 
the relevant connections to the mode switch 
(S2). 

The PSU is housed in a 3-HU (height- 
units) 19-inch enclosure with a mesh cover 
plate. The photographs in Figs. 13 and 14 
show the arrangement of the PCBs, the trans- 
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Fig. 12. Wiring diagram for the double version of the power supply. The drawing also indicates the arrangement of the various components 
on the bottom plate of the 19-inch enclosure. 
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Fig. 13. 


400-WATT LABORATORY POWER SUPPLY 


Top view of the completed power supply with the cover plate removed. Note the 


four read-out modules mounted at the inside of the front panel. 


formers, the buffer capacitors, the front- 
panel controls and read-outs, and the heat- 
sinks on the rear panel. 


Voltage and current 
read-outs 


The four read-outs can be either moving-coil 
meters (1 mA full-scale deflection instru- 
ments) or 314-digit digital voltmeter mo- 
dules. The modules used in the prototype are 
of the type described in Ref. 1. These circuits 
are fitted with fixed voltage regulators, 
which are powered by the supply (ie. the 
Master or the Slave) they belong with. This 
supply configuration is shown in Fig. 6a in 
Ref. 1. The half-digit is not used here. The 
meter modules are connected as show'n in the 
circuit diagram of the power supply. Note, 
however, that each of the current meters, M2, 
must be shunted by an additional 47-Q resis- 
tor, Rs, so that network Rs-R25-P4 passes a 
current between 0.9 mA and 1.5 mA, which 
produces a drop of 35 m¥ to 65 mV on Rs, 
The preset, P4, 1s adjusted for a drop of 50 mV 
across Rs at an output current of 5 A. The 
read-out should then indicate 5.00. Both volt- 
age read-outs in the PSU are also fitted with 
a 47-Q shunt resistor. 

The voltage and current indication mo- 
dules are fitted on to the front panel of the 19- 
inch enclosure, together with their input 
voltage regulators and decoupling capaci- 
tors. When the read-outs are connected to the 
supply circuits via flatcables, each of their 
ground terminals must be connected to the 
supply ground via a separate, relatively 
thick, wire, This wire, which serves to pre- 
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vent noise, ts best fitted bebween the display 
board and the negative terminal of electro- 
lytic capacitor C12. 


Alignment 


Start by setting all potentiometers and pres- 
ets to the centre of their travel, Connecta load 
to the output. The electronic load described 
in Ref. 2 is just the thing for this purpose. Set 


the current and voltage controls to nought, 
and null the read-outs, Next, hook up a 
DMM, set the outpul voltage to 40 V and ad- 
just Ps for a corresponding indication. Re- 
duce the output voltage to 1 V, and load the 
supply with a 0.18-02/5 W resistor, con- 
nected via the DMM set to current measure- 
ment. Carefully adjust the voltage until the 
DMM reads 5 A. Next, adjust P4 for a corre- 
sponding reading on the current display. 
Finally, measure the voltage drop across 
the series transistors: this should be about 
IOV. Setan output voltage of 3 V, and set the 
output current to maximum (P2), Short-cir- 
cuit the output terminals, and check the cur- 
rent. [f this is about 5 A, the PSU is fully 
functional and ready to be taken into use. ™ 


References: 

1, “3!-digit SMD voltmeter”, Elektor Eleetro- 
nics November 1989, 

2. “Electronic load”. Elektor Electroitics June 
1990). 


Fig. 14. 


Inside view of the PSU showing the wiring and the component arrangement on the 
bottom plate of the 19-inch enclosure. 


DUBBING MIXER EV7000 


PART 2: CIRCUIT DESCRIPTION (CONTINUED) AND | 


ITH reference to the circuit diagram, 

Fig. 2 in Part | of this article, the micro- 
phone signals are applied to the circuit either 
via BU1 or BL? and fed to the non-inverting 
{+} input, pin 3, of IC1A. Capacitor C2 sup- 
presses noise, while potential divider R2-R3- 
Ra sets the bias voltage via Rs. Capacitor C3 
acts as a buffer. 

The d.c. voltage gain is determined by the 
ratio (Ro+R7+Rs)/ Re and lies in the range of 
20 dB to 40 dB. Like C2, Co is included to sup- 
press noise. The other capacitor in the ampli- 
fier, C4, decouples the direct voltage. When 
toggle switch 51 is open, the lower cut-off fre- 
quency is set to about 200 Hz to achieve 
rumble and floor noise suppression. When 
the switch is closed, the frequency range 
starts at about 20 Hz. 

The output of IC14, pin 1, drives inverting 
amplifier [C1bB via R9, Opamp ICiB provides 
a gain of about 30 dB, and its output, pin 7, 
supplies a sufficiently strong speech signal 
for further processing in [C2. Preset Ps allows 
the gain of the first stage, IC1A, to be set to 
match the microphone signal level. 

The next major part of the circuit takes 
care of the control of the fading mixer. The 
non-inverting (+) input, pin 3, of opamp IC5a 
is provided with an adjustable trigger signal 
via R3. The trigger level defines the point at 
which the microphone signal is loud enough 
to start a fade-in operation. The inverting (—) 
input of the opamp, pin 2, receives its signal 
from the output of IC1B, pin 7, or PCB termi- 
nal E. The amplified microphone signal is 
available there. When the microphone signal 
reaches the trigger level, the output voltage 
of IC34 changes from high to low. This causes 
capacitor C46 to be rapidly discharged via 
diode D2, Set to the position shown in the cir- 
cuit diagram, switch 82 feeds the control volt- 


CONSTRUCTION 


age supplied by preset R43 to the non-invert- 
ing (+) input of ICsc. The control voltage is 
compared with the voltas? across C4o. While 
the capacitor discharges, the output of IC5c 
changes from low to high (approx. 9 V). Con- 
sequently, the volume control, R11, is fed via 
potential divider K46-R47, so that the micro- 
phone channel is enabled. 

At this point, we revert briefly to the set- 
ting of the DELAY potentiometer, R43. The fur- 
ther its wiper is turned towards R42, ie., 
clockwise, the longer it takes before the volt- 
age across C4o exceeds that set with R43. This 
charging time forms the delay used to disable 
the microphone signal, following the end of 
the announcement. The other two positions 
of $2 allow the microphone signal to be 
passed or blocked continuously, ie., the 
level-controlled fader works only in the 
switch position shown in the circuit diagram. 

LED Ds lights when the microphone is en- 
abled, Itis driven by the output of ICsc, pin 7, 
via emitter follower T1 and series resistor R50. 

As described, IC5c is a digital switch, i.e., 
its output is either high (microphone signal 
enabled), or low (microphone signal dis- 
abled). In the latter condition, capacitors 
C47A-Ca7B are charged via resistor Ras and 
diode Ds. This type of circuit configuration is 
called a Miller integrator, The output voltage 
at pin 8 rises linearly to the maximum level 
allowed by the limiting circuit in IC5p. Poten- 
tial divider R51-R52 feeds the volume control, 
R25, and enables the linearly rising voltage to 
provide a slow, smooth, fading-in of the 
music signal. 

When the output of ICsc, pin 7, goes high, 
capacitors C474-Ca7B are charged via R4y and 
De. Consequently, the output voltage of ICsp 
drops, so that the music signal is faded out. 
One charge path of C4raA-Ca7p is always 


blocked by one of the two diodes, D5 or De. 

Two anti-series connected electrolytic capa- | 
citors are used here to handle the full voltage } 
swing in both directions. 

The intensity with which LED D7 lights | 
indicates the progress of the fade-in and 
fade-out operations on the music channel. 

Opamp [C58 compares the microphone 
signal at the output of ICiB, pin 7, witha ref- | 
erence level at ?CB terminal A. Assoon as ex- 
cessive signal levels are detected, the ‘peak 
Mic’ LED lights. 

Comparators IC7A\ to IC7D operate in a 
similar manner. The output voltage of the left 
channel is fed to the non-inverting inputs, 
pins 3 and 5, of comparators [C74 and [C7s, 
via R37 (PCB terminal F). The other input of 
cach comparator is held at a reference level 
setup with potential divider R34-R53-R5o, The 
values of these resistors enable [C78 to toggle 
when the signal level is still 30 dB below the 
maximum output voltage, This means that 
the ‘OK’ LED lights almost continuously to 
signal that a sufficiently high signal level 
exists to guarantee the best possible signal- 
to-noise ratio. The ‘peak’ LED, however, 
should preferably remain off. When it lights, 
the input signal level is approaching the ab- 
solute maximum. The circuit around IC7¢ 
and IC7p is identical to that around IC74 and 
IC78. Its input voltage, however, is provided 
by the right-hand channel via R22. The use of 
two pairs of level indicators allows each 
channel to be monitored separately to avoid 
distortion at all times. 

The circuit is powered by a 12-V, 300 mA 
mains adapter, connected to a 3.5-mm jack 
socket, BUs, on the rear panel of the enclo- 
sure. Diode Dt provides voltage reversal pro- 
tection, while capacitors C43, C44 and C45 
form buffers and prevent oscillation. A 10-V 
regulator is used in position ICo. 


Construction 


The dubbing mixer is built on two printed- 
circuit boards. These accommodate all active 
and passive components, including the 
potentiometers and the sockets. The two 
toggle switches are the only external compo- 
nents, 

The printed-circuit boards are populated 
as shown by the component overlays and the 
parts list. It is best to start with the low- 
profile parts. Fit solder terminals ST1 to ST5 
for the connection of the toggle switches. 

Bend the terminals of the seven LEDs at 
right angles ata distance of about 5 mm from 
the body. Fit LEDs Ds and Di at a height of 
about 5 mm above the board. Fit Ds, D4 and 
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Component mounting plan for the motherboard (left) and the potentiometer board (right). 


Fig. 3b. 
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COMPONENTS LIST 


content of kit supplied by ELV 


Resistors: 

2 1002 R21:R36 

1 4700 R42 

9 1kQ R6;R9;R38;R50; 
R53;R57—R60 

1 1kQ2 Ri 

3 2kQ2 R2:R15:R44 

1 3kQ3 R4 

1) 3kQ9 R40 

1 8kQ2 R41 

17 10kQ R7;R16—R20; 
R22;R26; 
R31—R35;R37; 
R46:R47;R51:R52 

1 18k22 R55 

1 27kQ R54 

1 33kQ R10 

1) 47kQ R56 

1 56kQ R5 

2 100kQ R23;R24 

1 470kQ R39 

1 1MQ R45 

1 2kQ2 preset H R27 

2 10k preset V R3;R43 

8 47kQ preset V R11-R14;R25; 
R28-R30 

1 100kQ preset H R8 

2 250kQ preset V R48;R49 

Capacitors: 

1 22pF Cé 

2 100pF C2:C7 

4 15nF C17;:018;034;C35 

1 47nF C44 

8 56nF C15;C16;019; 
C20;C32;C33; 
C36;C37 

8 100nF C11-C14;C28-C31 


D7 ata height of about 9 mm above the board, 
and 1s and Dio ata height of about 15 mm 
above the board. The distance is measured 
from the centre of the diode body. 

The connection between the motherboard 
and the potentiometer board is made by 19 
36-mm long pieces of silver-plated wire. In- 
sert these wires into the motherboard, and 
position cach of them so that the wire end 
protrudes about | mm from the solder side 
of the motherboard. Solder the wires to the 
respective spots. Do not solder the free ends 
to the potentiometer board as yet. 

Solder the end of a 100-mm long screened 
wire to terminals A and B on the mother- 
board, Connect the screening to terminal A, 
and the core to terminal B, The free end of this 
wire is later connected to the potentiometer 
board, 

Carefully inspect the two boards for dry 
solder joints, short-circuits between spots, 
and incorrectly located components. Next, 
place the motherboard over the two mould- 
ings on the bottom half of the enclosure. 
Mark and drill the six 3.5-mm holes for fixing, 
the PCB. Remove the motherboard. At the 
rear side of the bottom cover, insert two 
M3x10 mm screws from the outside into the 
two associated holes, and secure each of 
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2 220nF C22:C039 
1 330nF C1 
1 1pF 16V C4 
4 2yF2 16V C9;C10;C26:C27 
4 4uF7 16V C23;C24:C40:C41 
7 10uF 16V C5:C8:C25;C42: 
C43;C45;C46 
2 22uF 16V C47a:C47b 
3 100pF 16V C3;C21;C38 
Semiconductors: 
2 TDA1524 IC2:IC3 
2 TLO82 1C1;1C4 
2 LM324 IC5:1C7 
1 7810 IC6 
2 BC548 T1:T2 
1 1N4001 D1 
4 1N4148 D2:D5;D6;D12 
7 LED, red, 3-mm D3;04:D7-D11 
Miscellaneous: 
2 3.5-mmjack socket ®BU6;BU7 
for PCB mounting 
1 5-way DIN socket BU1 
for PCB mounting 
4 phono socket for BU2-BU5 
PCB mounting 
2 miniature SPDT switch 
5 solder pin 
8 PCB spacer 15-mm 
6 PCB spacer 5-mm 
4 M3850 screw 
2 M3x10 screw 
16 M3 nut 
1 motherboard 
1 potentiometer board 
1 ABS enclosure 


screened wire, approx. 10 cm 
silver-plated wire, approx. 210 cm 


them witha nutat the inside. Similarly, insert 
aM3x50 mm screw into each of the four holes 
at the front side, and secure each one with a 
nut at the inside. Next, place 5-mm long PCB 
spacers over the screws. Place the mother- 
board over the six screw ends. At the same 
time, fit the rear plate, which is secured to the 


Fig. 4. 


A complete kit of parts for the dubbing 
mixer is available from the designers’ 
exclusive worldwide distributors: 


DUBBING MIXER EV7000 


ELV France 

| B.P. 40 

F-57480 Sierck-les-Bains 
FRANCE 


Telephone: +33 82837213 
Facsimile: +33 82838180 


PCB by the sockets. Fix the motherboard at 
the rear side by securing the two nuts. Each 
of the four 50-mm long screws is provided 
with two 15-mm long PCB spacers, which are 
secured with a M3 nut. 

Align the potentiometer board over the 19 
wire ends at the front side of the mother- 
board. Use M3 nuts to secure the poten- 
tiometer board on the four screw ends. Next, 
carefully solder the 19 wire ends to the spots 
at the track side of the potentiometer board. 

Put the front panel in place, and check the 
positions of the seven IEDs. Remove the 
knurled nuts from the shafts of the two swit- 
ches, and turn the hexagonal nuts until they 
are at about half-way the shafts. Insert each 
shaft from the inside into the respective hole 
in the front panel, and secure the switch with 
the knurled nut. [f necessary adjust the posi- 
tion of the hexagonal nut, so that the shaft 
does not protrude too far from the front 
panel, 

Use short pieces of silver-plated wire to 
connect the lower terminal of the left-hand 
toggle switch (next to LED 193) to ST4, the 
centre connection to STS, and the top connec- 
tion to ST3. Similarly, connect the centre ter- 
minal of the right-hand toggle switch to 
terminal ST4, and the lower terminal to ST2. 

Finally, insert the T4 spindles into the 
presets, and mount the associated knobs, The 
ends of the spindles are gently pushed into 
the holes in the preset until they lock. After 
assembling the top and cover plates of the en- 
closure, the dubbing mixer is ready for use. 
Alignment is not required! Bl 


Inside view of the dubbing mixer with the rear panel removed. Note the vertical wires 
between the motherboard and the potentiometer board. 


IN QUEST OF A PANGRAM - FINAL PART 


Bimagic pairs and banana- 
grams 


Tastill later stage, | constructed a sec- 

ond sel of matrix cards representing 
number-words in Dutch. Besides another se- 
ries of ordinal pangrams, one of the fruits of 
this excursion into a new language was: 


Dit autogram bevat vijf a's. twee A's, twee c's, dri¢ 
d's, evenenveertiy e's, zes f's, val g's, twee fr's, 
veertien /'s, vijfj 's, cen &, twee J's, twee a's, 
zeventien a's. Wee o's, een p, een gy, Zes H's, Vier- 
entwintig. o's, achtlien fs, twee a's, elf v's, negen 
W's, cen vy cen yen vijf c's, 


Happlily, this furnishes the first-ever truly 
impeccable magic translation, an earlier find 
being: 


This autogram contains five a's, one >. two c's, 
two e's, thirty-one e's, five f's, five v's, eight A's, 
twelve i's, one j, one &, two fs. two ars, cighteen 
vs. sixleen o's, one p, one g, SIX 7's, Lwenty-seven 
vs, twenty-one /'s, three a's, seven 1's, eight W's. 
three v's, four y's. and one 2. 


Notice that “en” is now reproduced as a fully- 
fledged “and”. Strictly, it is inaccurate to 
speak of a translation in such cases, since the 
number-words themselves are not (in gen- 
eral) preserved. A preferable expression 
might be transcription, Another point, you 
might say, is that translations are inherently 
interpreter-dependent, whereas it is hardly 
likely that personal preference would influ- 
ence an outcome here. 

Hardly likely, yet the local curvature of 
logological space can warp judgement much 
as it can warp a sense of humour. Here. for 
instance, is a different English rendering of 
the same Dutch sentence, which is neverthe- 
less another flawless magic transcription: 


This autogram contains five a's, one ), two c's, 
two a's, twenty-six e's, six f's. two g's, four f's, 
thirteen s, one J, one &, one /, two nis, twenty- 
one n’s, sixteen o's. one p, one g, five r’s, Wwenty- 
seven a's, twenty fs, three v's, six 1's, nine u's, 
tive 4's, five y's, and one =, 


Sceptics may care to verify this assertion, 
barely credible at first sight. Once you have 
done so, it will be clear that even magic trans- 
lations may depend upon the whim of an in- 
terpreter. 

What is disturbing here is that the two 
English autograms, although differing in the 
number-words they use, exhibit indistin- 
guishable texts. Or. to put it the other way 
around: although identically worded. the 
sentences list different numbers of letters. 
Certain minds seem to balk at this confronta- 
tion with a single text composed of thirty- 


by Lee C.F. Sallows 


one e's this time and twenty-six the next. | 
have even known the delight of hearing 
someone patiently explain to me that such a 
thing can only be a patent logical impossi- 
bility! 

Logic, however. should never be con- 
fused with logologic. The pair of autograms 
above is, of course, no more than a single text 
to which two solutions have been found. In 
concrete terms: having halted at a first solu- 
tion, the machine was set running again so 
as to examine all remaining combinations 
and in this case succeeded in finding another 
one. The possibility of such fimegic sen- 
tences had been in my head from the first. 
Little did I] dream that such a pair might also 
have a magic Dutch translation! As usual, 
though, the unexpected bonus is only a spur 
to greed, and one ends up regretting that the 
foreign version is not bimagic, too. 
Discovery of a magic quadruple is an obvi- 
ous goal for future research. 

Though at first sight twisty, the cunning 
interlock between bimagic pairs is neatly 
brought out through a rather whimsical ex- 
ample: 


This angram contains four a's. two's, Iwo c's, 
one ¢/. twenty-seven c's, eight /'s. four g's. five 
A's. ten/'s, one fj, one kone f, two a's, bwenty n’s, 
fifteen o's, ane ge six ss. twenty-seven y's, eigh- 
teen 7's, five t's, five v's, seven w"s, three v's, four 
vs. one 2, but no -. 


This angram contains four a's. two p's, lwo c's. 
one d, twenty-seven e's. eight f's, four y's, five 
fs. eleven /s.one j. one A, wo l’s. two a's. Lwenly 
a's, filleen o's, one g. Six r’s, bwenty-seven 4's, 
nineteen fs, five a's, six v's, eight “"s, three a's, 
four y"s, one =. but no -, 


Abstracting the non-overlapping items for 
comparison shows: 


eleven /'s 
two ['s 
nineteen 7's 
eight u's. 


ten i's 

one / 
eighteen fs 
seven 1's 


The four numbers on the right are (by coin- 
cidence) all one greater than those on the left: 
a difference of one /, one /, one #, and one w. 
Cancelling common letters in the two lists 
will leave precisely that: the text on the right 
contains an extra /, /, ¢, and w. Differences at 
the meaning level exactly parallel those at 
the typographical level. Replacing one list 
with the other is thus an autogram-preserving 
change. A similar but more complicated pair 
of lists can be extracted from the previous 
example. 

Notice that, despite suggestive associa- 
tions. a pair of sublists so derived can never 
comprise true anagrams (they cannot con- 


tain exactly the same letters). The letter con- 
lent being identical, the wumbers named 
could only be the same, and this is not the 
case. Taking into account both their slippery 
character and the ban on aaagranis. | pro- 
pose a special name for these curiosities: be- 
ndnagrans. Beside their occurrence in 
bimagic autograms, a search for banana- 
grams could easily form a separate study in 
its own right. 

How rare are bimagic cases? Of the 
roughly one in eight initial texts to yield a 
simple aulogram, again something like one 
in cight of these turn out to have dual solu- 
tions. Is this coincidence, or might a theory 
be developed for predicting it? One might 
suppose the frequencies will change with dit- 
ferent kinds of text. and yet experiments in 
Dutch give very similar results. Trimagic au- 
tograms (and their associated trimagic ba- 
nanagrams) are naturally even rarer, Several 
hundred runs with the machine have located 
only one (with the unstimulating text, “this 
twenty-first pangram scored .. .°). A finer 
example of the polymagic genre is: 


This pangram tables but five a's. three 4's, one 
two a's. wenty-eight e's, six f's, four g's, six fs. 
tens, one j, one &, three /'s, two a's. seventeen 
a's. twelve o's, two p's, one g, Seven 7's, bwenty- 
nine s’s, twenty fs, five i's, six v's. eight u's, four 
4's, four v's. and one 2. 


But this pangram tables five e's, three b's, one c 
two d's, Iwenty-nine e's, six f's. Six g's, eight A's, 
eleven fs. one sone &. three /'s, twoun's, seventeen 
a's, fourteen o's, Wo p's. one q.cight rs. bwenty- 
eight 4's, twenty-two- /'s, six u's, four v's, eight 
ws, four v's. four v's, and one 2, 


The false modesty of the first is countered by 
the second one turning the tables! 

So much then for the products of the pan- 
gram machine. Far from everything has 
found room for inclusion here. Aside from 
space considerations, the charm of such 
baubles is limited, one autogram soon seem- 
ing much like another. A few enthusiasts will 
continue to find fascination, | suppose, and 
indeed new topics in logology remain to be 
explored. One can only surmise what devel- 
opments the future may reveal. Perhaps the 
magic sentences to come will possess a po- 
tency beside which these early essays in the 
craft will pale. That is certainly to be ex- 
pected. 

Among many possibilities that will sug- 
gest themselves to logophiles is the exten- 
sion beyond letter-level autograms to those 
enumerating every sign employed. There is 
a point worth raising in this connection. In 
the example shown at the start of this article, 
the listing of signs uses full names such as 
“comma” and “hyphen”, Seen retrospec- 
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tively, this now seems less expedient than 
bringing them into line with the letters by re- 
producing the sign itself and adding an ‘ys. 
Differences in British and American usage 
are among the recommendations for this 
change. Strictly speaking, however, quota- 
tion marks (or points) are demanded in using 
asignasaname for itself. When this is done, 
the apostrophe can be dispensed with and we 
arrive at: “... five ‘a’s, two ‘b's... . one "2, 
twenty-seven '.'s, twenty-three™''s. seven ‘-'s 
&. last but not least, two '&'s, for instance. 
This is, | believe, the most natural and for- 
mally correct method, and ] recommend it as 
anotational standard to be adopted by others. 
The desirability of a universal system will 
be apparent to interested parties. 

Having said that, it is worth noting that 
the impulse toward sign-cnumerating texts 
comes [rom a striving forcompleteness. This 
ambition can be fulfilled so long as conven- 
tional signs are treated as the atomic con- 
stituents of printed text. Atoms can be split, 
however, much like hairs. Reductionists will 
sec the dot over the / as a typographic elec- 
tron spinning in jeostationary orbit above its 
nucleus, As such, it will qualify for separate 
listing. Idealists will insist that ligatures 
were made in Heaven, and what God hath 
joined may no man tear asunder, Stull others 
may contemplate descent to more hellish 
levels: 


Perhaps my hesitation in giving an exact del- 
inition of the term “autogram™ will now be 
more explicable. On consideration, it is 
probably a good idea to confine use of the 
expression to normal practice and leave the 
subatomicists to invent their own labels. 

Aside from practical constraints, the ini- 
tial text used in searching for an autogram is 
the sole determinant of success or failure. 
Time was when rambling and even dubious 
phrasing passed muster. Kousbrock’s pan- 
gram has changed all that: prolix or other- 
Wise suspect formulations can no longer ex- 
pect uncritical acclaim. At the other pole, 
however. is the prospect of zero-text aulo- 
grams—simple. — self-enumerating lists, 
without even the “and” at the end. Since the 
ten non-critical letters are excluded, an in- 
ventory of this kind would comprise at most 
sixteen items. The shortest such list will ina 
sense be the ultimate autogram. 

Also relevant in this context, though of 
less interest to logophiles perhaps, are se/f- 
enumerating jmuimbers. A digit can never be 
catalogued as occurring zero times, so “O™ 
can be used as a quotation mark to distin- 
guish use from mention. 


9000302020302090 
—that is to say. nine zeros, three twos, two 


threes, and two nines. On analogy with pan- 
grams. pandigits can be found, too: 
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2100070104020 10302040 
105010602070 10801090 


The O-convention is admittedly arbitrary, 
but even if rationalized it would be hasty to 
suppose these oddities of any mathematical 
significance. 

Sull further contingencies for the future 
are metamagic autograms in which both 
words and letters come up for self-enumer- 
ation. More complicated monsters will pre- 
sent themselves to thought. Less fanciful are 
pairs of mutually-enumerating texts or even 
longer loops, although the difficulties these 
impose should not be underrated. A dyad 
such as 


The sentence 
on the left 
contains... 


The sentence 
on the right 
contains . . 


can not be handled independently. In effect. 
a magic combination must be found involy- 
ing twice as many terms. Even so, the second 
sentence is a straightforward function of the 
first (or vice versa), so that the problem need 
not imply construction of a machine having 
twice as many channels. I leave it to readers 
to explore the ramifications of this interest- 
ing puzzle. This brings me to a final word on 
the pangram machine. 

Disconcertingly, more than one person 


IN QUEST OF A PANGRAM (4) 


who has seen the machine seems to have 
thought that at root it is “really” a computer, 
That is a misunderstanding. The term con- 
puter is now well established; it refers to a 
device incorporating a stored program of 
data and instructions. There is nothing in the 
pangram machine corresponding toa central 
processing unit (CPU), an arithmetic logic 
unil (ALU), a memory, or a program. 

In fact, as | subsequently discovered, the 
machine is a closer cousin to a “mechanical 
number sieve” invented by D.H. Lehmer in 
the 1920s. His device shares two things in 
common with mine. One is the basic odome- 
ter mechanism which sees to it that conrbi- 
nations of parameters are systematically 
called up for testing. The other is a paralle! 
monitoring system that signals the odometer 
to halt only if every parameter simultane- 
ously meets a certain (not necessarily iden- 
tical) condition. In Lehmer's apparatus, the 
former is a motor-driven set of non-concen- 
tric parallel gears with holes drilled at special 
points on their periphery. The monitoring 
system isa light beam and photocell arrange- 
ment that disconnects the motor when an 
alignment of holes is detected. The positions 
of these holes represent various finite arith- 
metic solutions to an equation. A combina- 
tion of such cases can yield a general solu- 
tion, Note well the condition to be satisfied 
here (hole present at a certain location): in 


Slimmerick* 


by Lee Sallows 


“Here's a quirky quotation,” said Quine, 


“That precedes a prediction of mine: 


‘Tf a limerick's good 
Then its syllables could 
Only add up to be thirty-nine’... ” 


Quipped a self-referentialist (Me), 
“Self-fulfilling is my prophecy: 

If this limerick ends 

As its author intends 


Then its word count will reach twenty-three!” 


Answered Quine, “. .. I'd been waiting for you, 


On discovering /etters too few: 
For I'd already guessed 
Your whole poem's expressed 
In three hundred and seventy-two!! 


* “Slimmerik” is Dutch for a “cunning one”. 
The first two lines of the poem carry an allusion to the contemporary 
philosopher W.V. Quine's famous rendering of Epimenides' paradox 


“This sentence is false”: 


“Yields a falsehood when appended to its own quotation” 
yields a falsehood when appended to its own quotation. 


Here the subject of the sentence—the phrase in quotes—is appended to 
its own quotation; the resulting sentence is, in fact, a quirky quotation 
preceding a prediction that the operation will yield a falsehood. Quine's 
object was to achieve self-reference while avoiding the expression “this 
sentence” which, it has been argued, cannot really refer to anything. 


SE 


GENERAL INTEREST 


the pangram machine the criteria to be met 
(agreement with claimed numbers) are 
themselves a function of the parameters. 
Readers interested in 
Lehmer's sieve will find an excellent and en- 
tertaining account in’ Albert HH. Beiler's 
Recreations tn the Theory of Numbers 
(Dover Books). 


A challenge 


The fact that two people working indepen- 
dently on quite different problems should 
have evolved closely similar mechanisms 
for their solution is remarkable. It suggests 
that the principle involved may have yet 
broader application. Indeed. 1 would like 
here to advance the view that the self-arrest- 
ing odometer technique deserves a wider fa- 
miliarity. There is a certain class of brute- 
force search for which itis a fundamental al- 
gorithmie structure. That is not to sav fam 
advocating the construction of purpose-built 
machines (however enjoyable that might 
be). My idea is than an electronic conina- 
tion sequencer, as E propose calling it, might 
easily comprise a standard hardware unit for 
imegration into a (parallel) computer. This 
is not the place to elaborate on the idea. 
Suffice it to say that such a union could com- 
bine the speed of the former with the flexi- 
bility of the latter to produce a universal ma- 
chine capable of accepting search problems 
from very different domains. 

The increase in speed that both (a later 
version of} Lehmer's device and the pangram 
machine show overa conventional computer 
is directly attributable to their parallel pro- 
cessiug. OF Course. non-conventional or 
“super computers using parallel processing 
also exist. This is worth mentioning since in 
Scientific: American AJK. Dewdney has 
given wide publicity to a remark of mine 
which scemed less reckless in its original 
context within a letter to Martin Gardner: “1 
bet ten guilders Jabout three pounds | nobody 
can come up with a self-enumerating solu- 
tion to the sentence beginning “This com- 
puter-generated pangram conluins .. . and 

. within the next ten years.” Parallel pro- 
cessors, | should like to emphasize. are ex- 
cluded from this wager. 

Human perversity being what it is, not 
improbably some will not rest until | have 
been made to cat those words (it ts incredible 
how sertously some people can take such art- 
less taunts!) | can only hope a respectable 
interval will be allowed to elapse before 
someone succeeds, In fairness. it must be 
said that much of the data contained herein 
could be put to use in greatly narrowing the 
area of a brute-force search. Frankly. | have 
often wondered how far one might go in re- 
turning to the computer armed with the in- 
sights and information gleaned via the ma- 
chine. Besides this, from the present per- 
spective it is clear that a cooler analysis of 
the problem at the very beginning would 
have saved me a greal deal of frustration 
later. Furthermore, subsequent discussion 
with various mathematicians and computer 


further details of 


scientists make it clear that |am very far from 
having explored all software approaches; in 
particular. a modified version of the iterative 
algorithm originally tried is widely regarded 
as holding great promise. Leaving aside the 
wager, my warmest encouragement goes out 
toany who might like to pursue this question. 
There still remain a host of pangrams yet to 
be produced in all the languages remaining. 
Of even keener interest, though, will be to 
learn of any new approaches pioneered. 


Closing thoughts 


Anact of magic consists in doing what others 
believe impossible. Together with magic 


squares and the marvellous tessellations of 


Maurits Escher, autograms are among aclass 
of objects that achieve their magical effect 
through creating an unbelievable cofnci- 
dence. Inthe first. the coincidence is between 
row and column sums: in the second, be- 
tween figure and ground shapes: in the third, 
it is between a message and its medium, 
These three are all examples of what 
Sigmund Freud (of all people) would have 
called everdeternined structures—overde- 
termined because they embody the simulta- 
neous satisfaction of independent (sets of) 
criteria, 

Of course there is already a discipline 
whose concern is with the creation of overde- 
termined textual structures: a highly techni- 
cal field in which the distillation of meaning 
and the coalescence of form with content 


have ever been focal concepts. [ts name is 
poetry, Let none suppose that anything but 
poctry has been our purpose here. 


This epilogue contains three e's, one). Iwo c's, 
two c/s, thirty e's, fours. two e's, six d's, ten i's, 
one j. one &. two f's, one A, bwenty-one a's, sev- 
enleen a's, two ps. one q¢, SIX t's, Lwenty-seven 
a's. twenty-one i's, three a's, five v's, mine ws, three 
a's. five v's. and one 2. a 


This article has been reproduced by kind per- 
mission of Springer-Verlag. Heidelberg and 
New York. 
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THE MISER'S T/R LOOP ANTENNA 


by Richard Q. Marris, G2BZQ 


This is the story of a very small experimental table-top 
HF transmitting/receiving loop antenna of simple, low-cost 
construction. The word ‘miser's’ crept into the title while the de- 
sign was roughed out initially, at which time it became 
apparent that a miserly £10 price tage should suffice to construct! 


have been interested in the design ol 

small table-top transmitting / receiving 
loop antennas, using multi-turn loop config- 
urations, instead of the generally accepted 
single-turn concept which is vastly larger, for 
several years. Por convenience, the 80-metre 
(35900-3800 kHz) amateur band has been 
used for ‘on the air’ tests, though use on other 
HF bands could easily be accommodated. 

Previous designs have always consisted 
of several side-by-side loop-turns supported 
ona square wood frame. For convenience, 
the multi-turn conductor has always been 
the outer screening of a coaxial cable, which 
is much easier to use than the more conven- 
tional forming/shaping of copper tubing. 
The last, and most successful, of these previ- 
ous loops is shown in Fig. 1. 

Although | have never used more than 
10 watts transmitted RF output, this design 
has provided satisfactrory two-way commu- 
nications throughout Europe, well into the 
USSR. And that was with the loop indoors 
standing ona table alongside the transmitter- 
receiver! 

That particular loop consisted of three 
turns of coaxial Tv cable, wound side by side 
on a 20x20 in, (50x50 em) square wooden 
frame. Itused a two-gang variable capacitor 
(C1-C2) for tuning, and C3 for impedance 
matching to the 50-ehm coaxial feedline. 


A TUAN BOX LOOP 
USING T,Vv, COAX CABLE OUTER 


C1, C2 = TUNING 
C3= 222 MATCHING 


z= 50k s001z8-11 


Fig. 1. 
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The main problems with this design were (1) 
the difficulty in rapid changing of frequency 
by more thana few kilohertz and (2) although 
the figure-of-eight radiation pattern (see 
Fig. 2) was ideal for reducing interference on 
a wanted signal, stations on the opposite 
compass bearing occasionally caused strong 
interference, 

Little is documented on multi-turn loops, 
especially those tor ransmission purposes. 
Even now, over 50 years later, the Aduiiralty 
Handbook of Wireless Telegraphiy, 1938 (Vol. 2) 
has the best documentation on multi-turn 
loops for reception in its large seetion on 
Direction Finding ‘T’. The preceding section, 
‘R’ (aerials, feeders, directional arrays) is also 
very useful, The handbook divides such 
loops into two distinct types: ‘box’ loops and 
‘pancake’ loops. A box loop is symmetrical 
with the wire turns side by side as in Fig. 1. 
A pancake loop has the wire turns wound in 
a spiral. In both designs, the ideal shape is 
eircular. The handbook states that in a pan- 
cakereceiving loop “the totale.m.f. is the sum 
of the separate e.m.f.s in the loops, these 
being proportional to the dimension in cach 
case. [Lis equivalent to one loop whose area 
is the sum of the individual areas, and gives 
zero signals when the plane is at right angles 
to the transmitter”. In the absence of any fur- 
ther documentation it was, for convenience, 


MIN 


SYMMETRICAL LOOP 


— 
(TO 500 MATCHING) 


Fig. 2. 


assumed that a similar situation would apply 
if the loop was used for transmitting, provid- 
ing a method could be found for feeding RE 
power into such an asymmetrical pancake or 
spiral loop. 

This thinking led to the ‘Miser's UR loop’ 
design shown in Fig. 4, whose simplified 
electrical circuitis showin Fig. 3: the familiar 
L/C tuned circuit, fed by coaxial cable, that 
can be found in most modern receivers and 
transmitters. A simplified design of the loop, 
together with its polar diagram, is given in 
Fig. 5. This shows only one turn of the multi- 
turn spiral. [t will be seen that the maximum 
signal is on the outer high-current (1) turn, 
and the minimum on the inner high-voltage 
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Fig. 3. 


SPIRAL LOOP 
(see text) 


C = 60pF TUNING 
L= 20 MATCHING COIL 
(see text) 


RG5B 500 CO-AXIAL 
TO TRANS/ROYR 
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Fig. 4. 


B34 RADIO & TELEVISION 


(E) turn. This gives a ‘fish-like’ radiation pat- 
tern, Which is more pronounced if the loop 
wire ends are crossed at the bottom. Itis clear 
that the forward gain has been increased sub- 
stantially, whereas the backward gain has 
been reduced. 

The polar diagram was plotted by apply- 
ing a small signal to the spiral loop of Fig. 4 
and placing a field-strength meter at a fixed 
distance, The loop was then rotated gradu- 
ally and the relative field strength plotted. 
Since the measurements were taken indoors, 
the results are suspect owing to possible re- 
flections from surrounding objects. Never- 
theless, later on-the-air tests confirmed that 
the gain of the large lobe is substantially 
greater than that of a figure-of-eight pattern 
and that the backward gainis welldown with 
a sharp dip in the centre: hence the ‘fishtail’ 
pattern. 

The operating bandwidth is approxi- 
mately +20 kHz without adjusting the tuning 
capacitor. Furthermore, small adjustments of 
C enabled quick operation anywhere in the 
3500-3800 kI Iz band. 

An additional bonus is that the loop does 
not radiate or accept harmonics and does not 
cause television interference (TV1). In fact, it 
proved possible to operate a TV receiver from 
an indoor aerial ata distance of about 
4 feet (1.2 metre) from the loop. 


Construction 


The assembly consists of 6! turns 
of spiral wire on an octagonal 
frame—see Fig. 7. The frame is se- 
cured to a simple base mount 
shown in Fig. 6, which also holds 
the impedance matching coil, L,and 
tuning capacitor C. This capacitor is 
mounted on a 2.5x2.5 inch (63x63 
mim) perspex plate that is screwed 
to the vertical wood member. The 
only other item is a 4-foot (1.2 m) 
length of 50-ohm coaxial feedline 
(RG-58), which goes to the transmit- 


a 
a 


win 


THE “MISERS” LOOF 


1SIMPLIFIED CIRCUIT! 
‘HID 1Z8 - 16 


Fig. 5. 


85" DIA OFB vy “a BY, 
WOOD BASE 


ter output. 

Impedance matching coil £ consists of 9 
turns (1 inch = 25 mm dia.) of 16 SWwc. tinned 
copper wire mounted on two 4/4 inch 
(19 mm) ceramic stand-off insulators of any 
available type. Close-wind it initially as 10 
turns ona’ /, inch (22 mm) dia. mandril: this 
will spring out to the required 1-inch dia. The 
turns are then evenly spaced over a width of 
23, inch (60 mm) and cut and bent to 9 turns 
with 1-inch (25 mm) legs. 

The loop frame in Fig. 7 is of light-weight 
hardwood, made from an 8-foot (2.5 m) 
length of 21x9 mm Masons Timber Products 
moulded hardwood {available in most large 
Diy stores in the UK), Cut this into four 
lengths of 23 in. (584 mm), which are then 
notch jointed and glued as shown. Do not use 
softwood as this will distort. Both the frame 
and the base mount were teak-wood dyed. 
Seven !/;, inch (1.6 mm) holes are required 
at 0.25 in. (6.3 mm) centres, commencing 
().25 in. from all the boom ends—sve detail on 
drawing. Note that all 7 holes are used in the 
bottom two arm ends, but only the inner 6 on 
the other 6 arms. 

The wire used for the loop is Pvc 
16/0.2 mm, 1 kV rms.,3 A at 70°C, 1.6 mm 


outside diameter. Start with 38 ft (11.5 m). 


Begin the winding at the outer hole (no. 7) of 
the bottom left-hand boom with a knot, leav- 
ing a6-in. (15 cm) tail (which will be cut back 
later). Proceeding anti-clockwise, thread the 
wire through the outer hole (no. 7) of the bot- 
tom right-hand boom, and then to no. 6 hole 
of the other booms in turn. Then proceed in- 
wards, ina spiral, until you arrive at the inner 
hole of the bottom right-hand boom. This 
makes 6! /, turns in all. 

Atthis stage, the turns are tightened pro- 
gressively, and then terminated with another 
knot, again leaving a 6-in. tail. 

The winding operation is tedious and is 
best carried out by laying the frame flatona 
table with the 38 ft of wire laid out on the 
floor. Proceed by threading the wire com- 
pletely through one turn ata time and then 
tightening it. 

The loop/ frame winding is secured with 
wood screws to the vertical of the base unit. 
The dotted datum line can be seen near the 
centre of Fig. 7. 

With an eye on Figures 4 and 6, solder the 
loop ends to L and C, cutting back the tails as 
required. It is imperative that the outer end 
of the loop goes to the top of the coil and the 
inner to the stator of the capacitor. The RG58 
feedline is then connected and secured with 


2 HOLES FOR WOODSCREWS 
TO SECURE LOOP FRAME 


0.8" x 1.8" wood 


2% Marten ey” 
PERSPEX 


i$ SCREW 


Fig. 6. 


1 
l= 9 TURNS (SPACED OF 
16 SWG TINNED 
COPPER WIRE 
1"' DIAMETER) 


BIND WIRE B SOLDER _ 


AG 88 COAXIAL 
FEED LINE 


Ld 
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two cable cleats as shown in Fig. 6. 


Testing and operating 


Connect the coaxial feedline of the loop to 
the antenna socket of a receiver that is tuned 
to 3500 kFIz. Turn the tuning capacitor C for 
maximum signal, which should be obtained 
with the rotor enmeshed about 40%. 

Selecta continuously transmitting station 
near 3500 kHz, retune C and rotate the loop 
slowly, noting the peaks and nulls that occur: 
these should produce the ‘fish-like’ polar di- 
agram noted earlier. 

The polar diagram test may also be car- 
ried with the use of a signal generator, cov- 
ering the range 2700-4500 kHz and fitted 
with a wire probe to radiate across the room. 

To test with a transmitter, the loop/re- 
ceiver combination should be set to 
3550 kHz. Tune the transmitter to 3550 kHz 
intoadummy load. Replace the dummy load 
with the loop, which should load with not 
more than a tiny adjustment of C. Radiation 
may be verified with a field-strength meter. 
If there is any difficulty in fully loading the 
loop, the inductance of L may be altered 
slightly by sqeezing together, or opening out, 
its turns until optimum impedance matching 
is obtained. If difficulties still occur, recheck 


the loop wiring and ensure that the outer 
wire tail of the loop goes to £ and the inner 
to the stator of C. 

The tests should be repeated at 3750 kHz 
to verify that the loop performs satisfactorily 
over the 3500-3800 kHz band. 

If measured, the swk should not exceed 
1.5:1 at the selected frequency. The loop 
should operate within +20 kHz of that fre- 
quency without the need of retuning it. 

On-the-air tests may now begin. 


WARNING. In the interests of safety, the 
loop should be used indoors only with LOW 
POWER, that is, not exceeding 15 watts. At 
20 watts or more, the tuning capacitor C will 
flash over and this can be remedied only by 
the use of a larger, wider-spaced variable ca- 
pacitor. The peak kF voltage exists at the sta- 
tor of the capacitor. 


Use on other frequency bands 


160 m amateur band (1800-2000 kHz) 
Replace the tuning capacitor by a 100 pF 
model of the same type. The loop will then 
cover both the 3500-3800 kHz and the 
1800-2000 kHz bands, but a slow motion 
drive is probably required on the capacitor. 
A larger impedance matching coil will be 
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required and this will be found by experi- 
ment, Por two-band operation, the new 
larger coil can be used on the 3500-3800 kHz, 
band with the aid of a clip-on shorting link 
from the ‘earthy’ end. 


40 m amateur band (7000-7300 kHz) 
Removal of one inner loop turn should suf- 
fice to tune the loop to this band. Impedance 
matching coil L will have to be reduced em- 
pirically. 


Finally 


It is IMPORTANT that before undertaking 
the modifications for the 40 m or 160 m 
bands, the antenna is made as described for 
operation in the 80 m band to verify correct 
operation, to carry out on-the-air tests and to 
familiarize yourself with its operation. 

REMEMBER that the maximum radiated 
signal, or the maximum received signal, oc- 
curs when the torward lobe is pointing to the 
required station. 

In ease you have difficulty in obtaining 
the Jackson Type C809 60-pFcapacitor, try 
J. Birkett, Maplin or Cirkit. The wire may be 
obtained from Marco Trading. 

Have fun with the ‘Miser's T/ R Loop’: the 
writer does (using 7 W RF output)! a 


6'/, TURNS WIRE 
{see text) 
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PTI00 THERMOMETER 


Depending on the type of platinum probe used, the thermometer 
presented here has the unusually large range of —100 °C to +1000 °C. 
The unit meets the demand for accurate temperature measurement 
and control in, say, engines, freezers, ovens and heating systems. 


J. Ruffell 


EMPERATURE sensors come in many 

shapes and for many different purposes. 
An example is the well-known body ther- 
mometer, an analogue instrument with a 
relatively small measurement range and an 
accuracy of about 0.1 °C. A more playful 
thermometer is the one found on many desks 
these days. This type indicates the room tem- 
perature by means of coloured areas. Unfor- 
tunately, both the body thermometer and the 
desk-top thermometer are unsuitable for 
measurement of relatively high or low tem- 
peratures, or temperatures that change over 
a relatively large range. Temperature meas- 
urement in a deep-freezer, a boiler or a kit- 
chen oven invariably requires the use of a 
sensor fitted in a probe, so that the tempera- 
ture can be read safely, Le., at some distance 
from where the ‘heat is on’, 

The effect of temperature changes plays a 
roleinalmostany phenomenon described by 
physics. In many cases, the factor tempera- 
ture is one that must be ruled out, or compen- 
sated. The present thermometer uses exactly 
this principle of compensation. In terms of 
measurement techniques, two types of tem- 
perature sensors exist: active and passive. 

Active sensors, which include (inexpens- 
ive) thermoelements, supply a temperature- 
dependent voltage. Untortunately, such 


elements invariably require a reference cle- 
ment since they can only measure tempera- 
ture differences. Also, toavoid measurement 
errors, the wire material must be suitable for 
the relevant thermoelement. Non-linearity 
can be quite a problem with these devices, 
and may amount to no less than 2 °C in the 
range 0 °C to 100°C. By virtue of their small 
size, the wide variety of enclosures, and the 
ability to work al temperatures up to 1500 °C, 
thermoelements are used mainly for indus- 
(rial applications. In these, the problem of 
non-linearity is usually solved by a computer 
which corrects the thermoelectric voltages of 
many hundreds of measurement locations to 
give an approximation of the true tempera- 
ture. 


The passive way: platinum 
resistors 


Resistance thermometers fall mto the ca- 
tegory of passive sensors. Their underlying 
principle is the change in resistance in me- 
tals, semiconductors and electrolytes as a 
function of temperature. The actual changes 
are specific lo the material in question, In the 
case of metals, the relation between tempera- 
ture and resistance is virtually linear. The 


MAIN SPECIFICATIONS — 


' *> Temperature range: =100 °C 
to +1000 °C ~ 

* Resolution: 41°C 

* Average non-linear error; 0.367% 

+ Low-battery. warning: Up< FEV 

* Overflow warning: Probe not 
connected 

| * Power supply: 9-V PP3 battery 
«Current consumption: 2.mA 


+ Suitable for use with all Pt100 plati- 
num. probes 


relative change of resistance as a function of 
temperature is generally called the tempera- 
ture coefficient, dR/ dT. Since this coefficient 
is also temperature-dependent, an average 
coefficient, of, is defined for the change be- 
tween 0 °C and 100 °C. For pure platinum 
(Pt), 

or =3.92x107 | coy 

The pure metals have the highest values for 
g, and have much better characteristics than 
any alloy, both as regards ageing effects and 
repeatability of onee established coefficient 
values, A further advantage is that the de- 
pendency of resistance on temperature is 
mathematically simple. In the case of plati- 
num, for instance, the dependency is ex- 


Fig. 1. Pt-100 resistors in various sizes 
(photograph courtesy Sensycon GmbH). 
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HOC 1DE- 12 


Fig. 2. Non-linearity of the resistance of a 
Pt-100 sensor as a function of temperature. 


Uo[Rpr] 


Rpt [1] ~—> 
900106-13 


Fig. 3. The input voltage of the read-out 
must be corrected to achieve a linear re- 
sponse. 


pressed by an equation with a single power 
of two, In practice, platinum resistors inevit- 
ably contain small impurities which lower 
the value of a. 

In most cases, the platinum resistor con- 
sists of a strip of platinum wound on a car- 
rier. To prevent leakage currents in the 
resistor, the winding is either covered by an 
enamel or a glass-silk coating (for low-tem- 
perature applications), or moulded into glass 
or a ceramic substance (for temperatures up 
to 850 °C). The latter type of resistor is 
usually protected against physical or chemi- 
cal influences by a metal tube. It should be 
noted that the actual size and shape of the re- 
sistor may cause large measurement errors. 
When, for instance, the resistor is immersed 


900106-14 


Fig. 4. Temperature correction circuit 
based on an operational amplifier with feed- 
back. The linearizing function is determined 
by resistors R1 to R4. 
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half-wav into melting ice, while the other half 
is in air of 25 °C, the measured temperature 
will be about 10 °C. This type of bad meas- 
urement practice is illustrated in the intro- 
ductory photograph: the measuring resistor 
in the probe is not entirely in thermal contact 
with the flame that heats it. The result is that 
the measured temperature is much lower 
than the actual temperature. Also, the 
measuring resistor in the metal cover may be 
damaged because of the high flame tempera- 
ture. 

Resistors composed of small ceramic car- 
riers with platinum layers have been in pro- 
duction at several manufacturers for quite 
some time now. Like thermoelements, these 
resistors allow multi-point temperature 
measurement systems to be set up, with a 
possibility to eliminate errors caused by un- 
favourable positioning. 

The main problem for the manufacturers 
of these devices is, however, to ensure a con- 
sistent value of «, for which most national 
standards institutions have set up a require- 
ment of & = 0.98 Gp. 


Industrial requirements 


Repeatability in the use of platinum resistors, 
and the ability to compare results obtained 
with different (industrial) thermometers 
have created a need to define standard toler- 
ances and measurement conditions. The DIN 
IEC751 specification defines an average tem- 
perature coefficient, , of 3.85 x 10°. A set of 
equations has been developed for platinum 
resistors (Ptl00) which have a resistance of 
100.00 2 at 0 °C. These equations allow 
standard value tables to be set up. For the 
Pt100 material, the resistance, Ri), in the tem- 
perature range from —200°C to 0 °C is de- 
scribed by 


Rwy = Rol 1+ At-BrR-CU-100°O #4} 


while in the temperature range from 0 °C to 
850 °C the equation is simplified to 


Ry = Ro (1+ AF- Br) {J 


in these equations, 

Ro = 100.00 Q 

A = 3.90802 x 10 ‘SC 
B =5.80195 x 10° °C> 
C=4.2735 x 10° °C' 


The tables set up on the basis of equation [1] 
enable a temperature value to be found with 
each measured resistance. 

It should be noted that there are also 
(much more expensive) resistors specified at 
500 Q or 1000 2 at 0 °C (Pt500 and Pt1000 re- 
spectively). It will be clear that these types re- 
quire their own look-up table to be set up. 

According to the DIN IEC751 specifica- 
tion, platinum resistors are divided into four 
tolerance classes, A, B, C and D. The toler- 
ance on class-A devices is defined as 


°C, =+(0.15+ 0.002 |#| ) 


and that on class-B devices as 
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Fig. 5. 
100 probe may be corrected by setting a 
cross-over point, Tc, at a suitable tempera- 
ture. Note that in this drawing the deviation 
from the temperature line is not to scale. 


The temperature deviation of a Pt- 


°Cy = + (0.304 0.005 |t| > 


In practical terms, this means thata tempera- 
ture difference as high as 2.5°C is permissible 
when two class-B resistors are used at at 
about 200 °C. 

A further source of errors is formed by the 
heating of the resistor as a result of the auxil- 
liary energy. To keep these errors in check, 
DIN IEC751 specifies a maximum measure- 
ment current of 10 mA at 100 Q. 


Electronic compensation 


The Pt100 thermometer consists of a resist- 
ance-to-voltage (R-U) converter and an LCD 
driver. The two functions are elegantly com- 
bined in the Type ICL7106 from GE-Intersil. 
When this IC is used as a read-out for the 
temperature range from 0 °C to 100 °C, a 
simple regulated current source is adequate 
for the R-U converter, In this range, o is vir- 
tually constant, ie., the relation between re- 
sistance and temperature is virtually linear, 
Ata temperature of a couple of hundred de- 
grees celsius, however, the non-linearity 
becomes significant (see Fig. 2). The idea of 
linearization by means of a computer is dis- 
missed because the original aim was a port- 
able instrument. 

Fortunately, compensation with the use 
of an analogue circuit is inexpensive and 
simple to implement. The curve in Fig. 2 
shows that the sensitivity (rate of rise) of the 
Pt!00 sensor drops with increasing tempera- 
ture, The function of the compensation cir- 
cuit is, therefore, to raise the output quantity 
(i.e., voltage) non-proportionally in relation 
to the input quantity (Le., resistance). If this 
works, the result is a compensation of the re- 
sistance deviation (see Fig. 3), as expressed 
by 


Urry = Re Uy /CD + RE) [2] 
where RK, is the Pt100 resistance at a certain 
temperature, and Li, is the reference voltage 
{auxiliary energy). Note, however, that equ- 


ation [2] is only valid when 


Ur>0,D>0,and F< 0 
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PiP2= muititum 


a a8. 


Loot a~ 
LTD221 R-12 = 
BAT 


iC1=TLC271 
IC2 = 4030 


” 
a 


Fig. 6. 


the unit to operate over a wide temperature range. 


replacing R; in equation [2] by [1] and rear- 
ranging 


ul; 
D/f Ro( 1+At-BP)}+E 


Uo = Worn = 


such a function may be implemented by an 
amplifier of the type shown in Fig. 4. The 
constants D and E are defined as 


D=R1 /(1+R3/R4) 
= (R2-R1 R3/Ra) /{ R2 (1 + R3/Ra4 ) } 


Unfortunately, it is not easy to adjust the 
variables, i.e., resistors Ri-R4 and the refer- 
ence, U,, toachieve optimum linearization of 
Un, and this is where the computer does 
come in. As illustrated in Fig. 5, the require- 
ment for Ur) is to have a cross-over point at 
temperature T.. The computer can help to 
find resistor and reference values that result 
in the smallest possible deviations from the 
ideal compensation curve. Assuming that re- 
sistors from the E96 series are to be used, 


Ri = 2800 Q 


R2 = 1690 Q 
R3 = 3740 Q 
Ra = 2800 Q 
Uu,=2.8V 


These values result in a cross-over tempera- 
ture, T;, of 383.5 °C, and ensure a (theoretical) 
maximum error of 0.6%, or an average error 
of 0.37%, over the range of —100°C to 
+1000 °C, The rate of rise of the output volt- 
age produced by the linearizing circuit is 
1 mV per degree Celsius. 


Practical circuit 


The circuit diagram of the Ptl00_ ther- 
mometer (Fig. 6) has few surprises as it is 
mainly an application circuit of the well- 
known ICL7106 LC display driver. The ref- 
erence voltage is supplied by the 7106, whose 
COMM terminal (pin 32) is ata fixed potential 
of 2.8 V below the supply voltage. However, 
since COMM acts as a ground point, the refer- 
ence voltage is obtained via resistor Ri. 

The output voltage of the linearizing cir- 
cuit is passed through a low-pass filter, Rs- 
C1, before it arrives at the IN-HI input of the 
7106. The filter suppresses noise picked up 
by the wires between the read-out and the 
Pt100 probe, The off-set voltage at the IN-LO 
input is adjusted with preset P1 until it is 
equal to the output voltage of IC1 when the 
probe is at a temperature of 0 °C. The typical 
level required to null the display is 0.24 V. 

The second preset, P2, determines the li- 
nearity factor, which is adjusted at a tem- 
perature of 100 °C. When the Pt100 sensor is 
disconnected from the input socket, K1, the 
wiper of P2 is taken to ground via R3. The re- 
sulting input voltage causes the 7106 to actu- 
ate the overflow symbol on the display. The 
LO-BAT (low battery) symbol is actuated 
when the battery voltage drops below 7.6 V. 
This is detected by transistor T] and gate 
IC28. The other components around the 7106 
form part of the standard application circuit, 
and merit no further comment. 


Construction 


Little needs to be said about the construction 
of the digital read-out. The printed-circuit 
board shown in Fig. 7 makes life easy even 


Circuit diagram of the Pt-100 thermometer. The components around opamp IC1 determine the linearizing function required to allow 


for those with relatively little experience in 
building electronic circuits. Start the con- 
struction with the wire links on the board. 
Next, mount the resistors, the capacitors and 
the IC sockets. The transistor, the 7106 and 
the LC display are fitted last. The wires be- 
tween the jack socket and the printed-circuit 
board must be relatively thick, and remain as 
short as possible. On completion of the cir- 


Pt100 SENSORS FROM 
MURATA 


A range of thin-film platinum-100 
(Ptt00)} resistors complying with the 
DIN 1EC751 specification, classes A, 
B, C or D, is available from Murata 
Mfg. Co. Ltd. Other resistor values are 
500 2 and 1000 Q in various sizes. An 
information leaflet covering the back- 
ground theory, DIN IEC751 specifica- 
tions, and product: classification: is 
available from Murata. This leaflef 
also contains the resistance look-up 
and conversion tables menoned “ 
this article. 


Murata Electronics (UK) Ltd. - 5 
Armstrong Mall + Southwood + 
FARNBOROUGH GU14 ONR. Tele- 


} 


phone: (0252) 623292. Fax: (0252) 
S11528. 


Murata Erie North America Inc. « 
2200 Lake Park Drive - Smyrna + 
Georgia 30080-7604. Tpleprens: 
404-436-1300. 
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Fig. 7. 
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Single-sided printed-circuit board for the thermometer. 


COMPONENTS LIST 


Resistors: 

2KQB 1% RasR4 
KQED 1% R2 
SkKQ74 1% R3 
IMQ. R5:R6 
330kQ R7 
TOO0KS2 Re:RIO 
2T4KQ 1% R9 
475K 1% Rd 
22kKOT AN R12 
10002 Rts 
S50kQ multiturn. preset: Pt 
20k multiturn preset P2 


eR ea 


Capacitors: 
33nF C1 
100nF 
OOpF C3 
330nF 638V MKT 
47HF 63V MKT 
220nF 63V MKT 


cuit board, fit it into a hand-held ABS enclo- 
sure, for which a suggested front-panel 
layout is shown in Fig. 8. 


Kitchen-table adjustment 


As already mentioned, the instrument is 
nulled with preset P1. Fill a plastic beaker 
with about 0.5 | water and a handful of ice- 
cubes from the refrigerator. Stir the mixture 
until half the ice has melted. Immerse the 
Pt100 sensor in the icewater, wait half a 
minute, and adjust P) until the display reads 
OC. 

Next comes preset P2, which is to be cali- 
brated at 100 °C. This is the temperature of 
pure, boiling water at an air pressure of 
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1 47pF 16V 


Semiconductors: 
1-BC5478 
PTL 274 

T4030 

1°-7106 

Miscellaneous: 

1 She-digit LED; e.g., 
Philips Components 
LTb221A-12 

3.5-mm jack socket Kt 
with switch 
on/off slide switch for Si 

PCB mounting 
Ptt00 probe: 6.9;; 

GFT2060 {200 °C to +600 °C) 
9-V PP3-size battery 
hand-held ABS enclosure 

with display window 
printed-circult board 


LCD 


900106 


1013 mbar. When rain water or distilled 
water is used, the change of the boiling point 
caused by impurities is negligible for our 
purpose. The air pressure, however, at which 
the water boils is of great importance. The de- 
pendence of the boiling temperature, fy, on 
the air pressure, p, may be written as 

fr = 100 + 0.0277 (p — 1013 ) [Fe] 

where pis in millibar, mb). To find out about 
your local air pressure, consult a weather 
bureau, listen to navigation services (air- 
ports), or contact an amateur meteorologist. 
Note that the official air pressure is usually 
the value measured at sea level. To correct 
this value for your location, deduct 1 mb 


a 020000000000000000000 (A 
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from the official pressure for every 8 m of al- 
titude above sea level. For example, if you 
live at 80 m above the sea level, the air press- 
ure is 80 mb lower than that stated by the 
weather bureau. 

The actual calibration of the read-out is 
simple: immerse the Pt100 sensor in boiling 
water, and adjust P2 until the display shows 
the calculated temperature. 


Temperature range 


The thermometer is capable of measuring 
temperatures between —100 °C and +1000 °C 
provided a suitable ?tH100 probe is used. 
Whatever probe you use, be sure to observe 
the manufacturer's specifications as regards 
the temperature range. In most cases, the 
maximum temperature at which the probe 
may be used is determined by the construc- 
tion and the difference between the coeffi- 
cients of expansion of glass and platinum 
wire. The Type GF7T2060 probe, for instance, 
has a temperature range of —200°C to 
+600 °C. When connected to the Ptl00 ther- 
mometer described here, it may be used for 
reliable temperature measurement in the 
range between —100 °C and +600 °C. a 


SOFTWARE SERVICE 


Readers who intend to use the ther- 
mometer for measurement over a rela- 
tively small range may like to know that — 
a program is available to calculate the 
values of Ri — R4 for the best possible 
linearity, and, consequently, higher 
accuracy. This program is available on | 
request through our Readers Services 
as order no. ESS$1481: The diskette. 
format is DOS 360 K. Soe en 


‘] 


PROGRAMMER FOR THE 8751 


Intel’s 8751 is a powerful 
8-bit microcontroller with 
an on-board EPROM that 
provides a fairly secure 
way of protecting the 
internal code. The unit 
described here puts you in 
a position to run a blank 
check on a 8751, read its 
contents (if not protected) 
and, of course, program 
the device. The 
programmer, which uses 
an 8751H for its own 
‘intelligence’, is an 
extremely simple circuit 


which works in conjunction with an IBM PC or compatible sporting an RS232 outlet. 
Comprehensive support software, including assembler and download utilities, are 
supplied on a disk for this project. 


AITHFUL readers of this magazine may 

remember our using the 8751 in two pro- 
jects described in earlier issues, namely a 
microcontroller-driven = power — supply 
(Ref. 1) and an autonomous I/O controller 
(Ref, 2). 

Every programmer for a microcontrol- 
ler—or, for that matter, for any EPROM, 
PROM, PAL, EEPROM or GAL—consists ba- 
sically of two parts: (1) a power supply to 
provide the supply voltage for the control 
circuit, and the programming voltage, and 
(2) a control circuit, which is usually an 1/O 
interface that allows an external computer to 
set the data and addresses for the chip to be 
programmed, to supply the necessary timing 
and control signals, and to read data from the 
memory section of the component to be pro- 
grammed. 

The present programmer is connected to 
an RS232 port of an IBM PC or compatible. 
The actual connection consists of three or five 
wires, which can be several metres long. 


System timing and 
addressing 


Before describing the circuit of the pro- 
grammer, it is useful to discuss the basic sig- 
nal timing relevant to the 8751H that controls 
the functions of the unit. Mind you, we are 
talking about the microcontroller that is per- 
manently present in the circuit, ie., not the 


O. Bailleux 


device to be programmed. 

To begin with, the 8751H checks the 
RS232 communication with the PC. The 
protocol is simple: as shown in Table 1, com- 
mands issued by the PC consist of one byte, 
which may be followed by a number of par- 
ameters. Some commands expect the pro- 
grammer to return one or more bytes. An 
example: 

- to read the byte at address 0 in the 
EPROM in the 8751, the PC sends com- 
mand 03, followed by operands 00 and 
00, which form the 16-bit address code. 
The programmer responds to this com- 
mand by returning the byte at address 


The timing of the data flow between the 
PC and the programmer is illustrated in 
the diagrams in Figs. | (program oper- 
ation) and 2 (read operation). 

- A test command allows us to check that 
the programmer is operational. In re- 
sponse to thts command, the pro- 
grammer returns two bytes to the PC. 


The above description of the commands is 
not complete, and serves merely to illustrate 
the way in which the programmer is control- 
led via a terminal, i.e.,a PC running the pro- 
gram developed by the author. Full 
information on the communication between 


0000, the two units is provided in the 

Command Operation Returned value 

O1-X.¥ test connection ¥OX 

02° X ¥-Z write byte Z at-address ¥ +(256 X) none 

03°X-¥ read byte Z at address Y + (256 X) Zz 

04 switch 5-V supply-on none 

05 switch $-V supply off none 

06 switch programming voltage: on none 

07 switch programming voltage off none 

08 initialisation none 


Table 1. 


The command set for the programmer: simple and effective. 
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README.DOC file on the diskette available 
for this project. 


The hardware 


A glance at the circuit diagram in Fig. 3 illus- 
trates to what extent a microcontroller can re- 
duce the component count ina programming 
circuit. The 8751 to be read or programmed, 
IC4, is plugged into a zero-insertion force 
(ZIF) socket. 

The circuit may be divided into four parts: 
the power supply, the host microcontroller, 
the 1/O interface, and the microcontroller to 
be programmed. Each of these parts will be 
discussed separately below. 


Power supply 

This has few surprises. Transformer Trt has 
two separate 9-V secondary windings. The 
one connected to K2 powers a conventional 
5-V supply based ona 7805 voltage regulator. 
The other powers a symmetrical +12-V sup- 
ply with two zener diodes, Dt! and D12, as 
the regulating elements. The symmetrical 
supply is required for the operational ampli- 
fier in the [/O interface circuit. 


8751 in ZIF socket 

The 875] drawn in position [C4 is the chip to 
be programmed or read. The other 8751, IC1, 
is the internal controller of the programmer. 
Note that [C4 is connected to a 4-MHz quartz 
crystal, and IC1 toan 8-MHz crystal. The pro- 
gramming voltage supplied by the circuit 
around T1 and T2 is applied to the EA/Vpp 
(external access enable/ programming volt- 
age) terminal of IC4. This voltage is 21 V, and 
must not exceed this value on penalty of de- 
stroying the 8751 to be programmed. The ex- 
ternally applied programming voltage is 
switched by the P2.7 line of the host control- 
ler, IC1, via transistors T) and T2. It should be 
noted that there are also CMOS versions of 
the 8751, which must be programmed at 
12.5 V. 


I/O interface 

The I/O interface takes the form of an 
opamp-based RS232 send/receive buffer. 
The data transmitted via port line P2.0 of the 
host controller is converted to positive and 
negative levels by opamp IC2. The trans- 
mitted data (TxD) is available at pin 2 of a 5- 
way DIN socket, Ki. Pins 3 and 3 are 
interconnected to form a zero-modem setup 
with dummy handshaking between RTS (re- 
quest to send) and CTS (clear to send). The 
type of connector and its pinning are identi- 
cal to those used on the BASIC computer 
(Ref. 3), so that the same cable may be used 
to connect the PC’s RS232 outlet. 

The RS232 signal received from the com- 
puter (RxD) is converted to 5-V swing by the 
circuitaround transistor T3. The host control- 
ler reads the received commands and data 
via port line P2.1, 

The two-transistor driver and the relay 
shown to the right of the RxD interface serve 
to pull four inputs of the 8751 in the ZIF 
socket to +5 V when the P2.6 line of the host 
controller goes high. The on/off state of the 
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AS 232 
PC —+Prog. 


Fig. 1. 


address 


pin P2.7 
(read) 


databyte 


RS 232 
prog.—»PC 


5V supply 


programming 
voltage 


pe eS 
$$$ »>__— 


databyte YZ new value 


90 100-12 


Timing diagram for a programming operation. 


new value 


Sv 


90100-13 


Fig. 2. 
relay is indicated by a LED, Ds. 


Host processor 
The host processor in this circuit performs 
quite a few tasks. It has internal EPROM as 
well as RAM, and handles the serial 1/O 
communication with the PC, the control of its 
peripherals, and virtually all read/write and 
program timing of the chip in the ZIF socket. 
The circuit operates at a clock of 8 MHz, and 
is reset on power-up by capacitor C3. Pull-up 
resistors are fitted on all eight lines of port PO. 
Although the 8751 has a built-in serial in- 
terface, this is not used here because it re- 
quires a 11.0592 MHz quartz crystal in the 
clock oscillator. Here, two port lines are used 
in combination with a few lines of program 


Timing diagram for a read operation. 


code to allow a less expensive and more 
widely available quartz crystal of 8 MHz to 
be used. 


Software 


When we talk about the software for this pro- 
ject we mean two different things: first, the 
control program that runs in the host control- 
ler, IC1, and, second, the set of user programs 
that runs on the PC. The first is ‘invisible’ as 
it comes in a ready-programmed 8751, the 
second is supplied on diskette. To assist those 
who want to try their hand at customizing 
the programmer, and, of course, at develo- 
ping programs for the 8751, the author has 
included a number of utilities and source list- 
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DS...D10 = 1N4001 


5v Ve 
CP 


ALE/P 
GND GND__PSEN 


Fig. 3. Circuit diagram of the programmer. Note that the programming voltage must be 
provided by an external supply. 


ings on the diskette. The program for the PC, by an 8751 assembler program. The 
PROG.EXE, runs on all XT/AT IBM machines source code must be written starting at 
and compatibles fitted witha Hercules, EGA, address 0, corresponding to the first com- 
VGA or CGA video card. PROG.EXE may be mand execution address of the 8751. 
started either direct fromthe DOS prompt,or —*_ blank check of an 8751 
via the menu in the control program, EV51. * read the content of an 8751, starting ata 
This presents the following options in a user-defined address. Read operations 
menu: are not possible on chips in which the se- 
* program an 8751 with the content of a bi- curity bit has been set to protect the inter- 
nary file, which is preferably produced nal code. 


 1000KF 25V 
- 220uF 26V_ 


Semiconductors: 
tN40010- 
OAN4S148 
LED 3-mm 


~12V 1W zener diode. 
BCSS7B 
BC547B 
programmed 8751H 
“FLOB2 
7805 


A AIS oe 


Miscellaneous: 
1 40-way ZIF socket 
1--8-MHz quartz crystal 
1. 4-MHz quartz orystal 
1--5-way PCB mount DIN: 
socket 
12-V- DIL telay,-6.g., 
Siemens V23127- 
AQ002-A101 
mains transformer 2x9V 
@ 200 mA 
2-way PCB terminal block 
heat-sink for 163 


printed-circuit board 


Simply press the arrow keys to select the 
desired option, or the ESC key to leave the 
program. Incidentally, the only way to reset 
the security bit is to erase the EPROM. 
The files on the diskette supplied for this 
project fall into three groups: 
- source for assembler file manipulation; 
- assembler for converting source code 
into object code; 
- programming for loading an 8751 witha 
block of object code. 
The data speed and protocol between the PC 
and the programmer are set to 2400 bits/s, 8 
data bits, 1 stop bit, and no parity. 


Check to make sure... 


A few important notes must be made at this 
point. First, make sure you know the pro- 
gramming voltage of the 8751, and apply 
either 12.5 V (CMOS devices) or 21 V as re- 
quired. 

Before inserting an 8751, test the pro- 
grammer by running a blank test on the 
empty ZIF socket. The 5-V supply LED must 
light during the read operation. All bytes re- 
turned to the PC must read FF. Next, run a 
programming test on the empty socket, and 
use an oscilloscope to check the timing and 
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Fig. 4. 


the waveforms shown in Figs. 1 and 2. 
Measure direct at the relevant ZIF socket 
pins. 

Never insert an 8751 into the ZIF socket 
when the programmer is switched off, or 
when the PC presents the "Programmer not 
operational" message following a blank test. 


Construction 


The construction of the programmer will 
present few problems when the ready-made 
printed-circuit board shown in Fig. 4 is used. 
Fortunately, the board could be designed 
single-sided by virtue of the low component 
count, which, in turn, is the result of the use 
of an 8751 as the central controller. 

Fit the ZIF socket and the LEDs ata height 
that allows them to protrude from the top or 
the front panel of your enclosure, Make sure 
you do not swap the two quartz crystals. If 
difficult to obtain, resistor network R3 may be 
replaced with eight discrete resistors, which 
are mounted vertically, and joined at the top 
side by a wire that takes them to +5 V. 

Finally, make sure you use an 8751H, not 
an 8751 AH(P) which has a number of differ- 
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PROGRAMMER FOR THE 8751 


90100-14 


Fig. 5. 


ent specifications and does not work in this 
circuit. 

The connection between the PC and the 
programmer is illustrated in Fig. 5 for PCs 
with a 25-way D connector (left-hand sche- 
matic) or a 9-pin AT-style connector (right- 
hand schematic). Note the interconnections 
between the DCD (data carrier detect), DTR 
(data terminal ready) and DSR (data set 
ready) lines, If you insist on using a three- 
wire connection between the PC and the pro- 


Ol 14 geo. one 1» 
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Track layout and component mounting plan of the single-sided printed-circuit board. Fit a 40-way ZIF socket in position IC4. 


90100-15 


RS232 connections for 25-way and 9-way sub-D connectors on PCs. 


grammer, interconnect the RTS and CTS pins 
at the side of the PC connector. a 


References: 

1. “Microcontroller-driven power supply”. 
Elektor Electronics May 1988, June 1988, Sep- 
tember 1988. 
2.”“Autonomous1/Ocontroller”, Elektor Elec- 
tronics December 1988. 

3. "BASIC computer”. Efektor Electronics No- 
vember 1987. 
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Construction 


The entire circuit shown in Fig. 2 can be built 
on the printed circuit board in Fig. 4. The 
enclosure discussed later on houses the 
power supply, the various indicators, the on- 
off switch and all interconnecting wiring. 


Dual transistors [1,T2, T5 and To are fair- 


a 


by T. Giffard 


ly expensive items but they are essential to 
achieve the high performance. Nevertheless, 


if your are prepared to accept a somehwat 
degraded performance, or it vou want to 
experiment, try using BC550/ BCS60 transis- 
tors, 
pairs toensureadequate thermal stability. We 
should add that in our prototypes these 


These should, of course, be matched 


1s T46" 
000] foool © 
H rhe che 
" - O R38 6 
+ CS 


T21 


TS 


Fig. 4. Printed circuit board for the medium power a.f. amplifier. 
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devices did not give good results... Figure 5 
shows how the three different types of tran- 
sistor can be accommodated on the board. 

Preset PLisofa type that can be adjusted 
from the top to allow setting once the board 
has been tully populated. 

Construction of LI is shown in Fig. 6. It 
consists of three lavers of 1.5 mm enamelled 
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SSM-2210 


i 


SSM-2220 


i 


8-pins TO-78- 
DIP case 


seen fram 
above 


Fig. 5. This shows how the three types of transistor in the T1, T2, 


T5 and T6 positions may be fitted on the board. 


copper wire wound ona 12 mm dia. mandril. 
The first layer consists of 7, the second of 6 
and the last of 5 turns. 

Since indicator 197 is located on the front 
panel, two solder pins in the D7 position on 
the board will facilitate the wiring later on. 

Some standard resistors and all 5-watt 
types are mounted vertically, This may 
necessitate lengthening one of the terminals 
of the 5-watt resistors. 

The emitter resistorsof the power transis- 
tors should preferably be inductance-free 
types, but these are very difficult to obtain. 
Moreover, they are fairly expensive. We 
have, however, found a very good alterna- 
tive, which consists of using standard 3-watt 
resistors in parallel with a 100 nF capacitor, 
which is soldered at the underside of the 
board as shown in Fig. 7. 
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Fig. 6. Output inductor L1 is 
wound in three layers. 


Drivers 19 and T10, as well as T4 and T8, 
should be fitted, electrically isolated, on 
small heat sinks, which may need some 
mechanical support. 

Transistors TIH-T20 may be screwed 
directly on to the heat sink. The drawing of 
the board may be used as a template, since 
the positions of the centre terminals of the 
transistors coincide with the distances 
between the fitting holes. The centre of the 
holes must be 18 mm above the top of the 
board, Itis advisable to buy the enclosure and 
heat sink and first ascertain how the heat sink 
is best fitted to the rear of the enclosure. 
Enoughspace must be lett for the mains input 
socket, the phone sockets, the fuse and the 
loudspeaker connectors. The holes to be 
drilled in the heat sink are best provided with 
M3-size threads, since it is virtually impossi- 


ble to use nuts with this type of heat sink. 

The transistors must be isolated from the 
heat sink. This is best done with the aid of a 
suitable heat sink compound and ceramic 
washers: these have a smaller transfer resis- 
tance than mica washers. 

Transistors T11 and 112 are fitted on to the 
board in a way that enables both of them to 
be screwed to the heat sink with one screw 
and one insulating washer. 

Once the construction has been deter- 
mined, bend the terminals of the driver, out- 
putand ‘zener’ transistors as shown in Fig. 8, 
so that they protrude slightly from the board; 
their mounting washers should be located 
18 mm above the board, Only when all that 
has been arranged should the terminals be 
soldered. 

The supply and loudspeaker connections 
should be made with heavy-duty connectors, 
since these will carry fairly high currents. 


The enclosure 


The stereo version of the amplifier is best fit- 
ted in a 2-unit high 19-inch enclosure. With 
the heat sink fitted to the rear panel, there is 
enough space left for the various connectors. 

The front panel houses the mains on-off 
switch with above it an LID that is connected 
to one of the power rails via a 5.6 kQ resistor. 
It also contains the two LEDs of the protection 
circuits. 

Tworectangular holes must be cut into the 
rear panel to enable the transistors to be 
screwed to the heat sink. Make these holes 
rather slightly too large than too tight to 
avoid any danger of a transistor touching the 
enclosure. 

The power supplies are fitted in the front 
section of the enclosure. Each of them is 
switched by one of the poles of the mains on- 
off switch, 


Re1 = pce relay, 24 V, 
1 make contact (10 A) 


FOR EACH CHANNEL PARTS LIST 

Resistors: R58 = 560 k Semiconductors: 

Ri =1k* R59 =47R D1,D2 = 5V6; 400 mW zener 
R2 = 47k5* R60,R61=1M D3,D4 = high-effeiciency LED, red, 
R3,R4,R15,R16 = 4k75* R62 = 4k7 (8k2 if MAT transistors 3mm 

R5,R14,R21,R32 = 22R1* are used) D5 = 1N4001 
R6,R7,R12,R13 = 47R5* R63,R64 = 2k7 D6,D8,D9 =1N4148 
R8,R11,R51,R53 = 10 k P1 =2k, 12-turn preset for D10,011 = 15 V; 400 mW 
R9,R10 = 2k2 vertical mounting zener 

R17 = 2k21* * = 1% tolerance 71,72 = SSM2210 (MATO2) 
R18 = 100 R* T3,T4,T24 = BC550C 


R19,R20,R30,R31 = 221 R* 

R22,R27,R49 = 15k 

R23,R24,R28,R29 = 10 R* 

R25,R26,R34,R36,R38,R40,R42, 
R44=100R 

R33,R47 = 270R 

R35,R37,R39,R41,R43,R45 =0R27; 
5 W;low-inductance but see text 
on p. 46 

R46 = 8R2;5 W 

R48 = 470R 

R50 = 47 k 

R52,R54,R55 = 100k 

R56 = 270 R: 1 W 

R57 = 1k8 


Capacitors: 

C1,C2 = 1 WF, MKT 

C3 = 820 pF, polystyrene 
C4,C5,C22 == 220 nF; 40 V 
C6,C7 = 33 nF 
C8,C9,012,C13,C15 = 10 uF; 10 V 
C10,C11 = 2n2 

C14 = 100 pF polystyrene 

C16 = 82 nF 

C17 = 330 pF 

C18, C19 = 10 iF; 40 V; bipolar 
C20 = 15 nF 

C21 = 220 uF; 10 V: radial 

C23, C24 = 270 nF 

C25, C26 = 47 uF; 25V 


radial 
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T5,T6 = SSM2220 (MATO3) 
T7,T8 = BC560C 

T9,T12 = BD140 

T10 = BD139 

T11 = BD679 
713,714,715,T16 = BD911 
T17,718,T19,720 = BD912 
721,722,723 = BCS56B 


T25 = BC546B 
T26 = BC880 
IC1 =LF411 
Miscellaneous: 


L1 = 1 uH air-cored (see 
text on p. 45) 


9 ceramic insulating washers for 
TO220 cases 

9 M3-size insulating washers 

2 Heat sinks for T9, T10 

2 Heat sinks for T4, T8 

Heat sink <0.7 K/W, e.g. Fisher 
SK-85-75-SA 


FOR EACH POWER SUPPLY 

Transformer 2x25 V, 4.5 A, e.g. 
ILPType 61016 (if 1 supply for 
2 channels, 2x25 V, 6 A, e.g. 
ILP Type 71016) 

4 electrolytic capacitors, 10,000 uF, 
50 V radial (if 1 supply for 2 
channels, 6x10,000 uF, 50 V) 

Mains input socket with integral 
fuse holder 

fuse 2 A slow (mono): 4 A slow 
(stereo) 

Bridge rectifier 50 V, 10 A 

Mains on-off switch, 6 A, 2-pole 

Phono sockets as required 

Phono plugs as required 

2-unit high 19-inch enclosure 
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Fig. 7. iflow-inductance resistors are difficult to obtain, standard 5-wattresis- Fig. 8. The terminals of the driver, output and ‘zener’ transistors are bent as 
tors, shunted by 100 nF capacitors, may be used. The capacitors are fitted shown to make the devices protrude s! ightly from the board. 
at the underside of the board as shown. Holes for them are provided. 
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Fig. 9. Wiring diagram of the stereo amplifier. 
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Fig. 10. Inside view of a completed prototype of the stereo amplifier. 


The electrolytic capacitors are mounted 
together on a piece of prototyping board; 
interconnections are made in heavy-duty 
copper wire at the underside of the board. It 
is, oF course, also possible to use standard 
types of electrolytic capacitor and fit these in 
the enclosure with the aid of clips. 

The wiring diagram in Fig, 9 shows that 
the stereo amplifier consists of two virtually 
separate mono amplifiers, which makes the 
construction of a mono amplifier very sim- 
ple, The earths of the two sections are inter- 


Elektor Electronics 
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Fig. 11. Suggested labels for affixing at the rear of 
the amplifier unit. 
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linked and connected to the enclosure only 
at the phono sockets. 

The inputs of the boards must be connect- 
ed to the phono sockets by good-quality 
screened cable, the screen of which may be 
soldered to earth at both ends. Do not use 
cheap cable here sinee the capacitance of that 
may adversely affect the KC network at the 
input of the amplifier, 

The inside of the completed prototype is 
shown in Fig. 10. 


Calibration and operation 


Before switching on the amplifier for the first 
time, itis advisable to check a few points. 

Remove the power lines from the ampli- 
fier boards and switch on the mains. Measure 
the potential across the electrolytic capaci- 
tors, which should be between +32 V and 
+38 V. Switch off the mains and discharge the 
capacitors via a 1 kQ resistor. Reconnect the 
power lines. 

Set Pt on both boards to maximum resis- 
tance and check with an ohmmeter that this 
is really maximum. This check prevents a 
large quiescent current flowing immediately 
after switch-on, 

If you are not fully confident that every- 
thing ts all right, betore you switch on the 
mains again, temporarily insert a 152, 5 watt 
resistor in series with each of the su pply rails; 
this will prevent the current rising above 2 A. 
If the output slages appear to function nor- 
mally and no components are getting unduly 
hot, these resistors may be removed after the 
mains has been switched off (but sce below}. 

Switch on the mains again and measure 
the potential across one of the emitter resis- 
tors of the output transistors. IE necessary, 
adjust PI to get a drop of 9 mV across the 
resistor: this is equivalent toa quiescent cur- 
rent of 100 mA. If you do not possess a suit- 


able millivoltmeter, leave the 15 @ resistors 
in the power lines and measure the potential 
across them: this should be 2 V fora quiescent 
current of TOO mA. 

A number of test points are given in the 
circuit diagram in Fig. 2: values measured 
there should be about the values shown in 
the oval boxes. 

For peace of mind, check the base volt- 
ages of TY and T10 (which should preferably 
be a matched pair) and the potentials across 
their emitter resistors R21 and R32. These 
should be ikdentical, or nearly so. 

Furthermore, the direct voltage at the out- 
putof ICI (pin 6) should be smaller than 10 V. 
If that is not so, the value of R62 should be 
reduced to the next lower preferred value in 
the E-series. 

Operation of the amplifier is straightfor- 
ward. The design allows it to be operated 
continuously over very long periods with an 
5- or 4-ohm load. Continuous loading into 
2 Qisnotadvisable for more than a few min- 
utes, however (the rating of the heat sinks 
does not allow that). 

The power supply allows a music output 
of close to 200 W into a 2 @ load. a 


@ 


General and special audio equipment and 
components: 


SOME USEFUL ADDRESSES 


Wilmslow Audio, Wellington Close, 
Parkgate Trading Estate, Knutsford 
WAT6 8DX, Telephone (0565) 50605. 


Hart Audio Kits, 3 Penylan Mill, Oswestry, 
Salop SY1L0 9AF, Telephone (0691) 652894. 


Sage Audio, Construction House, Bingley, 
W. Yorks BD16 4JH, Phone (0274) 568647, 


Audiokits Precision Components, 6 Mill 
Close, Borrowash, Derby DE7 3GU, 
Telephone (332) 674929. 


Russ Andrews Turntable Accessories Ltd, 
Edge Bank House, Skelsmergh, Kendal, 
Cumbria LA8 9AS, Telephone (0539) 83247. 


Henry's Audio Electronics, 
404 Edgware Road, London W2 1ED, 
Telephone 071 723 L008, 


B.K. Electronics, Unit 5, Comet Way, 
Southend-on-Sea, Fssex $5? 6TR, 
Telephone (0702) 527572. 


Maplin Electronics, [.O. Box 3, Rayleigh, 
Essex 556 8LR, Telephone (0702) 552911, 


OMNI Electronics, 174 Dalkeith Road, 
Edinburgh EH16 5DX, 
Telephone 031 667 261] 


Heat sinks: 
Dau (UK) Ltd, 70-75 Barnham Road, 


Barnham, West Sussex PQ22 OES, 
Telephone (0243) 553031 
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by T. Giffard 


There are many people who cannot, or will not, have the large 
loudspeakers in their living room that are necessary for good 
reproduction of music, and therefore use smaller models. 
Although many of these nowadays perform very well, they fall 
short of good reproduction of bass frequencies. The active 
subwoofer described in this article enables that deficiency 


T is a basic fact of nature that the faithful 

reproduction of bass frequencies by a 
loudspeaker requires the displacement of a 
large volume of air. That in turn requires the 
cone of the drive unit to have a large area and 
a large linear movement, Since a drive unit 
ina box displaces large volumes of air at fre- 
quencies below the lower—3 dB cut-off point, 
which is, of course, very inefficient, itis nec- 
essary for good efficiency to design the en- 
closure ina way that ensures that the cut-off 
point lies well below 30 Hz. 

These requirements are difficult to com- 
bine if the dimensions of the box are to be 
kept small. As often in life, itis therefore nec- 
essary to arrive at a compromise. However, 
if itis assumed that the user of the subwoofer 
is not going to need hundreds of watts of 
power output, that compromise works out 
very well. 


Choice of drive unit 


The subwoofer uses the new Type 10V516 
drive unit from the French manufacturer 
Focal-——see Fig. 1. This is a 25-cm unit with a 
fairly heavy, stiff cone, which consists of a 
paper carrier on to which a layer of polyglass, 
a mixture of tiny glass pellets and resin, has 
been deposited. 

The unusually long (23 mm) speech coil 
can move linearly over a distance of 12 mm 


Fig. 2. Computed response curve of the 10V516 drive unit in a closed box. 


to be eliminated. 


Fig. 1. The new Type 10V516 drive unit from Focal. 


peak-to-peak. The total air displacement of 
394 cm? is exceptionally good for a 25-cm 
unit. The coil is wound from flatwire ona spe- 
cially destgned carrier. 

The Thiele-Small parameters of the 
unit—f, = 23 Hz; Q). = 0.42; V,.= 132 1—make 
it eminently suitable for use in an enclosure 
witha net volume of 351. The -3 dB point lies 
around 43 Hz ata reasonable Q,,.of about 0.8, 

Prototypes of the subwoofer had a re- 


sponse curve that was virtually identical 
with the computed one, True, the cut-off 
point was notas low as one would have liked, 
but with electronic correction it is possible to 
shift it to below 30 Hz without reducing the 
maximum attainable sound pressure too 
much (the greater the correction, the sooner 
the drive unit reaches the limit of its linear 
movement). 


Electronic correction 


In order to render the lowest tones of a com- 
pact disk or gramophone record well audi- 
ble, a simple electronic network was used to 
straighten the lower part of the response of 
the subwoofer to just under 30 Hz, This net- 
work was designed originally by one of the 
great audio researchers, Siegfried Linkwitz, 
and is shown in Fig. 3 with on the opposite 
page the simple formulas for calculating the 
component values. 

The wanted correction is computed on the 
basis of the Thiele-Small parameters. You 
first measure or calculate Q), and f. of the 
drive unit fitted in an enclosure, choose the 
required new Q,, and f, and then compute 
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Fig. 3. The Linkwitz correction network. 
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Fig. 4. Circuit diagram of the correction-filter unit. 


Linkwitz correction network formulas 


Required data: 

Q:. = quality factor of drive unit in closed 
box; 

f, (resonance frequency of drive unit). 


Wanted new parameters: 

Qi = new quality factor with correction 
network; 

fe = new resonance frequency with cor 
rection network. 


Condition for chosen factors: 


ge Ll f= Ae! %e 


sont >0 
Qe! Gor fol fe 


where k is the pole-shifting factor. 
Calculation: 


Choose a value for R1 and then calculate 
values of other components as follows: 


R2Q=2kR1 
Atty 

R3= Ar(t,/ f.,) 
oe Zot) 
On fA 

C2 l 


~ 4m £,Q,, RI(1+ k) 
2 
C3= C(f/f,) 
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LM317 


IC1 


rd 
= (+) 15V 
a cs 
1OOn (4) 
c6 


10O0n 


1C1=TLO74 


the component values with the formulas. It 
should be borne in mind that corrections 
must remain within certain limits, since the 
drive unit must be able to handle the addi- 
tional large displacements. In the design as 
described, the maximum correction is just 
over 6 dB, which lowers the cut-off point by 
about 10) Hz. 

A further point in) connection with the 
calculation of the network is that in practice 
the results will be different from the theoret- 
ical Overall response curve. Note, for in- 
stance, that the values of a number of com- 
ponents in Fig. 4 are quite different from the 
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C) = 0.2215 / fR C, = 0.1572 / fR 
Ca = 0.5644 / FR C4 = 0.2265 / FR 


C3 = 0.03221 / FR Cy = 0.04039 / FR 


Table 1. Formulas for calculating the cut-off points 
in the third-order low-pass filter based on IC 1b. 
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calculated values. This is because after cal- 
culating the values, we entered them, to- 
gether with the the measured drive unit per- 
formance data, into a simulation program, 
on the results of which we adapted the values 
to obtain an optimum response curve (the 
components included C1 and C2), 

In Fig.4, [Cla isa summing amplifier. The 
input signals from the left- and right-hand 
channels, which are at line level, enter via Cl- 
Rl and C2=R2 respectively, Depending on 
the position of PL, the sum of the signals is 
amplified to some degree and then applied 
to the correction network, which is based on 
IClc. 

There are also two high-level inputs to 
which the signal from the (integrated) output 
amplifier may be connected, These signals 
are brought back to line level by R3 and R4. 

Switch S$] enables selecting between the 
normal and inverted signal. The inverted (by 
ICTd) signal provides a phase-correct cou- 
pling with the existing loudspeakers), 

The correction network, in combination 
with Cl and C2, provides a peak of just over 
6 dB at 35 Hz, which results in the low —3 dB 
cut-off point of the subwoofer shifting down 
to about 28 Hz. 

The correction network is followed by a 
third-order low-pass filter, based on [C1b, 
with Butterworth characteristic. Switch $2 
enables the selection of four different cut-off 
points: 73 Hz, 100 Hz, 125 THz and 150 Hz to 
enable optimum coupling between the sub- 
wooler and the existing loudspeakers. One 
branch of the filter is shown in Table 1, which 
also gives formulas for calculating different 
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PARTS LIST 


Resistors: 

Ri, R2 = 33k 

R3, R4 = 680 k 

R5, R6 = 10k 

R7, RB= 18k 

R9-E12 = 39k 

R13, R17, R21 = 22k6; 1% 
R14, R18, R22 = 16k9; 1% 
R15, R19, R23 = 13k7; 1% 
R16, R20, R24 = 11k5; 1% 
R25, R27 = 332 R: 1% 
R26, R28 = 3k65; 1% 

P1 = 50 k preset 


Capacitors: 

| C1, C2, C13 = 330 nF 
C3, C4 = 15 nF 
C5, C6 = 100 nF 
C7 = 1pF 
C8, C9 = 33 nF 
C10 = 470 nF 
C11 = 120 nF 
C12 = 10nF 
C14 =12 nF 
C15 = 6n8 
C16, C19 = 220 uF; 40 V 
C17, C20 = 10 uF; 16 V 
C18, C21 = 10 uF; 25 V 


Semiconductors: 
IC1 = TLO74 
IC2 = LM317 
IC3 = LM337 


| Miscellaneous: 
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$1 = toggle switch, 1 change-over 
$2 = rotary switch, 3-pole, 4-position 
2 phone sockets 

4 banana sockets 

drive unit Type 10V516 

loudspeaker cabinet wadding 

PCB Type 900122-1 
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Some useful addresses of suppliers of 
good quality audio equipment and com- 
ponents are given on page 47. 


Fig. 5. Printed-circuit board for the correction-filter unit. 
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Fig. 6. Frequency response curve of the subwoofer at four different high cut-off points. Note that the grid here is 1 dB instead of the usual 2 dB. 
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Fig. 7. Construction diagram for the enclosure of the subwoofer. Two internal struts ensure adequate 
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robustness of the panels. The electronics are housed in a separate compartment at the rear. 


AN EXTRAORDINARY TUBE FOR A 


SPECIAL TRANSMITTER 

A Siemens grid-controlled transmitting 
tube had been operating for 65 248 hours 
over a period of eight years’ service at the 
990 kHz medium wave Rias transmitter in 
West Berlin. This period of service exceede, 
by aconsiderasble margin, not only the guar- 
antee period of 4000 hours, but also the ex- 
pected service life of 20 000 hours. 

The transmitter in which the RS 2042 SK 
tube was used is in itself something out of 
the ordinary: the very name “Rias Berlin” is 
indicative of the station's special role in a di- 
vided post-war Germany and in the four-sec- 
tor city of Berlin, for it stands for ‘Radio In 
the American Sector’ of Berlin. Set up as 
part of the US Information Service and run 
by a German director, Rias transmits two 
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cut-off points. 

The output signal of IC1b is applied to the 
power amplifier, which in principle may be 
any type that delivers about 50 watts into a 
5-ohm load. A possible design will be de- 
scribed in next month's issue. 

Power for the circuit in Fig. 4 is derived 
from the power amplifier. Two regulators, 
1C2 and IC3 reduce the incoming voltage to 
+15 V. 


Construction 


The construction diagram for the enclosure 
is givenin Fig. 5. The box is a straightforward 
rectangular type made of 18 mm thick chip- 
board. The internal reinforcement struts may 
also be made from chipboard. The inset table 
shows that you may cut, or have cut, all re- 
quired parts from a 122x122 cm board. 

A separate compartment is reserved at 
the rear of the box to house the electronics 
(power amplifier, power supply, and correc- 
tion-filter board). 

Ahole should be drilled in the rear panel 
for passing the cable to the drive unit. When 
that connection has been made, the hole 
should be closed with suitable wood filler. 

The drive unit is screwed to the front 
panel; if the board used is sufficiently 
smooth, this may be done without a gasket. 
The cable may be connected to it with a car- 
type bullet plug and socket or blade and re- 
ceptacle. 

The enclosure should then be filled with 
suitable loudspeaker cabinet wadding. Its 
exterior can be finished to personal taste, 

The correction and filter board—see 
Fig. 5—may now also be built up. It provides 
space for the switches, so that only the phono 
connectors need to be fitted separately. This 
will be reverted to next month. 

The subwoofer may be tested at this stage 
by connecting a suitable power amplifier be- 
tween it and the correction board, The cor- 
rection board should be supplied witha volt- 
age of 20-30 V. 

Next month we will give further informa- 
tion about the installation of the electronics 
and how to connect the subwoofer to, and 
operate it with, an existing audio system, 


radio channels on medium wave and VHF, 
and has been broadcasting Tv programmes 
since 1988. It can also be received on short 
wave. 

The history of the station begins in 
February 1946 as wire broadcasting in the 
American sector; this was followed six 
months later by the first Mw transmitter 
with an output power of 800 W. With its ac- 
cess to the air waves, the station initially 
served the political function of spanning the 
already widening gulf between East and 
Wes. Proclaiming itself the ‘free voice of the 
free world’ and with rapidly increasing 
transmitter power, it acquired during the 
Cold War a reputation as a reliable source 
of information extending far beyond the con- 
fines of Berlin and thus for the people be- 
hind the Iron Curtain. 


SOLAR-POWERED MW RADIO 


This article describes a miniature medium-wave band receiver 
powered by a solar cell. The circuit is based on a single integrated 


LTHOUGH the ZN414Z looks like an 
ordinary transistor ina TO-92 package 
(Fig. 2), the device contains quite a few 
things: a wide-band, three-stage amplifier 
with a very high input impedance, a de- 
modulator circuit, and an automatic gain 
control (AGC) circuit. Its small size, high de- 
gree of integration and low power consump- 
tion make the ZN414Z eminently suited to 
building a miniature medium-wave band 
AM receiver with quite acceptable sensitivity 
and selectivity. 


The circuit 


The application circuit in Fig. 2 shows that 
the ZN414Z is followed by an audio ampli- 
fier, T1-T2, which raises the demodulated sig- 
nal at pin 1 of the IC to a level suitable for 
driving a pair of headphones. The RF signal 
is picked up by a small ferrite rod assembly, 
which in the prototype was salvaged from a 
medium-wave transistor radio. The inductor 
is tuned by a 500-pF variable capacitor, Cy. 
Since the input impedance of the ZN414Z is 
of the order of 4 MQ, the tuned circuit is light- 
ly loaded and thus ensures adequate selectiv- 
ity. The value of R3 has been changed from 
the recommended value (cf. Fig. 1) to achieve 
the proper gain. Resistor Ri and diodes Di- 
D2 reduce the solar cell voltage to about 1.3 V 
for the IC. Capacitor Ct acts as a buffer de- 
vice. The solar cell used is a 3-V type capable 
of supplying about 20 mA. 

The output signal of [Ci is fed to a dar- 
lington transistor circuit, T1-T2, via coupling 
capacitor C2, The loudspeaker(s) connected 
between the collectors and the positive termi- 
nal of the solar cell should have a minimum 
impedance of 50 Q. The author used a mini- 
ature 100-Q magnetic loudspeaker as found 
in modern telephone sets. High-impedance 
headphones as supplied with the well- 
known Walkman™ may also be used. 


Construction 


The circuit is so small that itis easily built on 
a piece of stripboard. Clearly, miniature com- 
ponents must be used if the receiver is to fit 
in, say, a matchbox. Make sure the ZN414Z 
is properly connected—see the pinning dia- 
gram in Fig. 2. Transistors T1-T2 can be 
mounted face to face, Capacitor C1 is prefer- 
ably a mylar type as this is smaller than the 


circuit, the ZN414Z from Ferranti. 


M.S. Dhingra 


The 2N414Z is within the dotted area 


Fig. 1. 


ZN4142 
ies 


o 


Fig. 2. 


more common polyester type. The final size 
of the receiver depends mainly on the size of 
the tuning capacitor, C4, The solar cell is sim- 
ply glued on to one of the sides of the enclo- 


900131-12 


Block diagram of the ZN414Z MW receiver chip from Ferranti. 
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Circuit diagram of the solar-powered medium-wave AM receiver. 


sure. To turn off the receiver, simply turn it 
over so that the solar cell lies face down, or 
cover the solar cell. a 
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The contents of this column are based solely on information supplied by the author 
and do not imply practical experience by Elektor Electronics 


1-OF-N DECODER 


by G. Sankaran 


Although T-of-16 decoder chips are readily available, higher ratios 
have to be constructed from |-of-16 types. Figure | shows how to 
build a |-of-32 decoder from two |-of-16 types. 


8 bil 
Counter 


COG GE 


1 of 16 decoder 1 of 16 decoder 


1 of 16 
decoder decoder decoder 


16 x 16 LEDS 
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Figure 1 
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In a similar manner, this can be extended to any number. N, as 
shown in Fig. 2. Here the number of encoders is Vy = NV / Ny. while 
the output, V = Nj) x Ny = 2". 


Figure 3 


1 of Na decoder 
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Figure 2 


If, for example you want to build a 256-channel running lights 
unit, you will need sixteen 1|-of-16 decoders, but it is also possible 
with just two |-of-16 decoders as shown in Fig. 3. 

A practical circuit a 32-channel running lights unit, which can 
also be used as a ‘roulette wheel’ is shown in Fig. 4. ‘To use this as 
arunning lights unit, jumpers K] and K2 should be included. but not 
ihe components shown coonected by dashes lines. To use it as a 
‘roulette’ wheel, jumpers K 1 and K2 should be omitted and the com- 

| ponents shown connected by dashes lines should be included. 1 Figure 4 
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APPLICATION NOTES 


The contents of this article are based on information obtained from 
manufacturers in the electrical and electronics industry and do not 
imply practical experience by Elektor Electronics or its consultants. 


STEREO BRIDGE AMPLIFIER WITH TDA7370 


(SGS-THOMSON) 


Most car radio amplifier |Cs designed for a supply voltage of 12 V 
have a maximum output power in the region of 10 watts. The 
production methods applied by SGS-Thomson for their TDA7370, 
however, allow the output power of this stereo bridge amplifier IC to 
be pushed very near the theoretical maximum of 22.5 watts. This 
level is reached at the cost of some distortion, but still without the 
use of a DC-to-DC step up converter. 


The list of requirements that may be drawn 
up tor car radio amplifier ICs is fairly long, 
and looks quite different from one that ap- 
plies to an amplifier for use in, say, a hi-fi ste- 
reo set-up. The quiescent current, for one 
thing, should be as small as possible to avoid 
unnecessary draining of the car battery. 
Equally important is the requirement for 
switch-on and switch-off noises to be climi- 
nated or suppressed to the extent that they 
are inaudible, Further, as most of you will be 
aware, the temperature conditions in a car 
are much more extreme than those in the liv- 
ing room. Hence, there is a clear requirement 


for a reliable temperature control circuit to 
take care of the protection of the amplifier IC 
whena thermal overload occurs asa result of 
a short-circuit, output overload or a loo high 
ambient temperature. 

One of the most important characteristics 
of a car radio booster, irrespective whether 
built with discrete components or hybrid in- 
tegrated circuits, is the saturation voltage of 
the power transistors. The smaller this volt- 
age, the higher the maximum power that can 
be supplied to a load resistance. Assuming 
that the supply voltage is about 14 V, which 
holds true for a fully charged car battery, a 
single-ended power amplifier has a maxi- 
mum theoretical oulput power of 5.6 W' into 
4, while 22.5 W could be supplied by a 
bridge amplifier. These power ratings are 
based on the assumption that the vollage 
drop across the output transistors is smaller 
than 0.3 V. This remarkably low value of the 
saturation voltage is actually achieved by the 
TDA7370, and compares favourably with the 
1 V specification of older car amplifier ICs 
such as the TDA2003, TDA2004 and 
TDA2005, for which the respective single- 
ended and bridge output powers are 4.5 W 
and 18 W. 


What's inside? 


As shown in Fig. 1, the TDA7370 consists ol 
four identical, independent, power ampli- 
fiers, a stand-by circuit, a clipping detector, 
and a number of protection circuits. Each of 
the power amplifiers has two integrated re- 
sistors which set the voltage gain to 26 dB 
(about 20 times). The input voltage required 
for full output power is about 720 mV. The 


TDA 7370 
MAIN SPECIFICATIONS 


* four power amplifiers in one IC 

* very low external component count 
* no bootstrap 

* stand-by mode with soft-start 
on/off noise suppression 


* protected against 
- inductive loads | 
- reversed supply 
- output short circuit 
- overheating 

* max. supply voltage: 18 V 


* max. output current: 3.5 A 


gains of the amplifiers are matched to within 
1 dB. 

The datasheet of the TDA737() states a 
maximum output power of 17 W for the 
bridge arrangement of the four amplifiers, 
The distortion at this power is stated as 10%. 
At an output power of 10 W, the distortion 
drops to 0.03%, which is an excellent value 
for a car radio amplifier. 

The stand-by circuit allows the IC to be 
switched on and off from a remote location 
with the aid of a control signal. The relevant 
IC pin is fitted with an external R-C network, 
and is taken to the positive supply voltage, 
+U),, or to ground. When pin 7 is taken to 
+Up, the four amplifiers are switched on a 
few seconds after applying the supply volt- 
age. When pin 7 is not connected or taken to 
ground, the IC is switched to stand-by mode, 
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STAND-BY VCC2 


vcci 


+ INPUT L (4) 


+INPUTR 


-INPUT R (11) 


SVR 


Fig. 1. 


and the current consumption is reduced to 
about 80 mA, 

The CLP DETECT output, pin 10, supplies 
an output signal when one of the four ampli- 
fiers is overdriven. The detector acts on clip- 
ping in both half-cycles of the output 
waveform, The width of the clipping output 
signal corresponds to the duration of the 
overdrive condition. 

The various short-circuit and overload 
protection circuits on board the TDA7370 are 
notshown inthe circuit diagram. For the sake 
of completeness, the pining of the IC is 
shown separately in Fig. 2. 


Application circuit 


The circuit diagram of a car radio booster 
based on the TDA7370 is shown in Fig. 3. 
Each loudspeaker is powered by two ampli- 
fiers in bridge configuration. In the absence 
of an input signal, all four outputs (pins 1 
and 2, and pins 11 and 12) are at about half 
the supply voltage with respect to ground, 
This means that there is no voltage across the 
loudspeakers, so that electrolytic output ca- 
pacitors are not required. 

Capacitors Cl and C2 decouple any d.c. 
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Internal schematic of the TDA7370 from SGS-Thomson. 


components in the input signals applied to 
the circuit. Capacitor C5 forms a buffer on the 
positive supply voltage ratl. Network R1-C4 
forms the previously discussed time constant 
at the S1AN1D-BY control input of the TDA7370. 
All amplifiers in the chip remain off until a 
high level is applied to the STAND-BY termi- 
nal. When an input signal is already present 
while STAND-BY is made high, it will be noted 
that the volume rises gradually to the set 
level. 


Construction 


The printed-circuit board shown in Fig, 4 
allows the metal tab of the TDA737() to be 
bolted direct to a heat-sink. The completed 
board is best fitted into a metal enclosure 
made from a L-shaped and an L-shaped 
piece of aluminium. One side of this enclo- 
sure is formed by the heat-sink, which should 
be fairly large in view of the temperatures 
that can be expected in the car interior. The 
enclosure panel opposite the heat-sink is 
drilled to accept two phono sockets and a 
block of seven screw terminals, which are 
used to connect the loudspeakers, the supply 
voltage, and the stand-by control. If you do 


| BACKGROUND THEORY 


The theoretical maximum output 
power of acar radio amplifier is simple 
to calculate. To begin with, the peak 
loudspeaker voltage, 


Utsipy = VeUb — UcEsat 
= 7V-0O.3V=6.7V 


| UcEsat = 03 ¥ 


Up=14¥ Upp = 124¥ 


UcEgat =0.3V 
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From this, the effective, or rms (root- 
mean square) voltage of a sine-wave 
iS approximated by 


Ursirms) = Ucsip) / V2 
= 6.7V/1.414=<=4.7V 


The maximum output power that can | 
be supplied to a 4-Q load, 
‘] 
Pimax) = Utsirms)" / Acs 
= 4.7°/4=5.6W 


For a bridge amplifier, 


UL Sip) = Up- 2UcEsat 
= 14V-2x03V=13.4V 
ULSirms) = Utsip)/ v2 
13.4V/1.414=9.5V 
Pimax) = Usirms)” ‘ALS 


= 9.5°/4 = 22.5 W 


Assuming a battery voltage of 14.4 V, | 
and a saturation voltage of 1 V for 
each power transistor, a bridge ampli- 
fier has a theoretical maximum output 
power of just under 20 W into 4 , or 
nearly 40 W into 2 Q. Unfortunately, 
hardly any of the currently available 
car radio amplifier ICs reach this the- 
oretical limit, mainly because they are 
unable to supply the required maxi- 
mum current. 

To calculate the maximum output ; 
power at a certain supply voltage, the 
above calculations may be avoided 
and replaced by the single equation 


P(max)= Up’ /8 Ris 


not want to use the stand-by control option, 
fita wire link to connect the relevant input to 
the positive supply rail. 


Other applications 


There is, of course, no reason to limit yourself 
to the given application of a stereo amplifier. 


Eee 
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Fig. 2. Pinning of the TDA7370. 


Fig. 3. 


The printed-circuit board is so small that two 
or more of them are easily fitted in the car. 
Combined witha simple filter, the amplifiers 
bring an active loudspeaker system in the car 
within easy reach. 

The stand-by input on the amplifier may 
be used for automatic remote control when 
connected to the electric antenna output of 
the car radio, 

The technical specifications the 
TDA7370 give the IC a much wider applica- 
tion range than just in the car. Small hi-fi sys- 
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Application circuit of the TDA7370 in a car radio booster. 


tems, portable public address (P.A.) equip- 
ment (megaphones), active loudspeakers 
and stage (monitor) loudspeakers are just a 
few examples of equipment where the 
TDA7370 can be used with advantage. 


Note. The manufacturer of the TDA?7370, 
SGS-Thomson, expects to start production of 
this device by December 1990. 


SGS-Thomson Microelectronics * Planar 
House * Parkway * Globe Park * Marlow 
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Fig. 4. Printed-circuit board for the stereo 
car radio amplifier based on the TDA7370. 


COMPONENTS LIST 


Resistors: 

1 10kQ2 Ri 
Capacitors: 

2 470nF C1;C2 
1 47puF 25V radial C3 

1 10uF 63V radial C4 

1 1000,F 35V radial c5 
Semiconductors: 

1 TDA7370 IC1 
MiscelNaneous: 

1 3-way PCB terminal block K1 
2 PCB-mount phono sockets 

4 car-type spade receptacles 

1 heat-sink 1 KW 


* Buckinghamshire. Telephone: (0628) 
890800. Fax: (0628) 890391. 


SGS-Thomson Microelectronics * North & 
South American Marketing Headquarters * 
1000 East Bell Road * Phoenix, AZ 85022 « 
USA. Telephone: (602) 867-6100. 


ELEKTOR ELECTRONICS NOVEMBER 1996 


14-BIT SAMPLING A-D CONVERTER 


Datel has introduced the ADS-928, a fune- 
tionally complete. 14-bit, SOO-kHy sampling 
A-D converter which offers outstanding dy- 
hamie performance. Characteristics of the 
ADS-928 include a total harmonic distortion 
(THD) of ~88 dB and an effective bits speci- 
fication of 13.2 bits. 

The ADS-928 combines a high speed 14-bit 
A-D converter and a fast sample-and-hold 
amplifier ina space-saving 32-pin DIP pack- 
age. The device incorporates three-state out- 
puts, an internal clock an internal reference 
capable of supplying +10 V at 1.5 mA exter- 
nally. 

The neweonverter has a pin-programmabte 
feature which allows analogue input signals 
of cither O to LOY or +8 V to be chosen us 
the input. The digital inputs and the three- 
state outputs are TT L/CMOS compatible. 

Typical applications of the ADS-928 in- 
clude spectrum, transient. vibration and 
waveform analysis, aud the device is ideally 
suited for radar. sonar, video digitisation, 
medical instrumentation and high-speed data 
UCQUISTUON systems. 

Datel UK + Intec 2+ Wade Road « BASING- 
STOKE RG24 ONE. Telephone: (0256) 
469085, Fax: (0256) 56033. 


CLIP-ON CURRENT TRANSFORMERS 


Seaward has introduced two new clip-on cur- 
rent transformers for the accurate measure- 
mentof AC current and leakage current. The 
single-hand operated instruments come corm- 
plete with permanently fixed quality leads 
with shrouded plugs. They allow standard 
mulltimeters to be used for current measure- 
ment and are also suitable for use with chart 
recorders or Monitoring applications in fixed 
installations. 
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The Standard Clamp CT has a 23 mm inter- 


nal diameter jaw size and is capable of 


Measuring currents up to 200 AC. The Leak- 
age Current Clasp CT can be used on condue- 
tor up to 33 mm and has a 
Measurement of up to 150 A. Both units 
utilise ZCT cores for aecuracy and to mini- 
mise the effect of external current fields. 

The instruments are competitively priced at 
£29.00 for the Standard Clamp CT and 
£48.00 for the Leakage Current Clamp CT. 
Seaward Electronic Lid. « Bracken Hill = 
South West Industrial Estate + Peterlee = 
Co. Durham SR8& 2JJ. Telephone: (091 
586) 3511. 


cores of 


INTEL 287XL ADDED TO MATH CO- 
PROCESSOR FAMILY 


| 


The newest addition to the Intel math copro- 
cessor line, the 287XL, offers 506 higher 
performance than the Intel 80287. 

The Intel 287XL is claimed to dramatically 
increase the processing speed of over 1,000 
personal computer applications 
which flowting-point muths oper- 
ations, Among the upplications that benefit 


software 


utilise 


from math coprocessors are spreadsheets. 
business graphics, financial modelling and 
computer-aided design. When running indus- 
try standard benchmark tests such as the 
Single Precision Whetstone, the Intel 287XL 
runs 66% faster than the 80287. 

The new 287XL operates in any 286-bused 
personal computer including 16 and 20-MHz 
versions, and is guaranteed compatible with 
uny math coprocessor socket ina 286 system 
designed for the Intel 80287-6, 8 or 1O-MEHyz 
or the Intel SOC287A 12 MHz math coproce- 
sors. Intel have also announced the 287XLT. 
designed for space critical. low-power laptop 
and notebook PCs, such as the Compag 
LTE/286. The 287XL and the 287XLT are 
manufactured with  Intel’s low-power. 
CHMOS-3 process and fully comply with the 
ANSI/IEEE 754-1985 Flouting Point Stand- 
ard, 

Intel (UK) Ltd. + Pipers Way *« SWINDON 
SN3 IRJ. Telephone: (0793) 696000. 


GET IN TUNE WITH MAPLIN’S MIDI 
THRU BOX 

The all-new Maplin 8-way MIDI THRU box 

kitenables control information to be sent. for 
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SWAY MEDI THRE BOK 


example, between one synthesizer and an- 
other, thereby allowing two or more syn- 
thesizers to be played from one keyboard, 
The simple method of ‘chaining ® synthesi- 
vers lovether using MIDE THRU can suffer 
from several well-known problems such us 
signal degradation and corruption. The Ma- 
plin MIDI THRE box overcomes these prob- 
Jems by providing & separately bulfered 
MIDI outputs from one opto isoluted MIDI 
input, The unit also incorporates a mains 
supply. so there is no danger that batteries 
will run flat, The MIDI THRU kit 
esd A Sele 
Maplin Electronics « P.O. Box 3 + RAY- 
LEIGH SS6 SLR. ‘Telephone: (0702) 
S52911. Fax: (0702) 553935. 


COSTS 


2.5-GHZ VARIABLE GAIN CONTROL 
AMPLIFIER 


Avuntek Ine. now offers anew addition to its 
series oF silicon MMIC variable-gain control 
amplifiers. designed for use in fibre-optic, 
cellular telephone and other communications 
systems. The new IV A-04118 features a 3-dB 
analogue bandwidth of DC to 2.5 GHz, oper- 
wlion al data rates of up to 4.0 Gb/s 

The IVA-O4118 provides 27 dB of typical 
power gain, controllable over a 35-dB range, 
and both single-ended or differential cupa- 
bility. H operates from a single 6 VDC, 
35 mA (iyp.) source, and uses a 0 to 4 ¥ 
control runge, The unit is packaged in a her- 
metic 180-mil surface-mount package with 
vold-plated feads. Data sheets are available 
from Avantek distributors (see Elektor Flec- 
fronics January 1988), or contact 
Avantek Inc. + M/S M82 + 481 Cottonwood 
Drive + Milpitas CA 95035 « U.S.A. Tele- 
phone (408) 943-3038. 


LOW-POWER WIRELESS SECURITY 
SYSTEM 


NEW PRODUCTS 


Pr, 


Low-cost receiver and transmitter boards for 
low-power security applications are avail- 
able from Quantelec Sales Ltd. 

Utilizing surface-acoustic wave trequeney 
sources operating al418 MHz, und with DTI 
approval to MPT 1340 standard. the boards 
offer manufacturers of security systems an 
easily applied solution to RF control prob- 
lems. 

Measuring 15.6 mm by 38 mm on an edge 
mounting. double-sided, slot-in board using 
surface-mount and leaded components, the 
receiver, a Super-regenerative circuit, @per- 
aes on & VDC, 

The transmitter operating at 12 V can be 
supplied complete with a customised key fob 
case measures 27xI45 mm x6 mm thick and 
includes encode facilities and aertal. 
Quantelec Sales Ltd.» 110 Corn St. + Wit- 
ney ¢ Oxon OX8 7BL. Telephone: (0993) 
778282. 


INTENSIVE CARE FOR PCs 
The latest watchdog card from Blue Chip 
Technology provides 24-hour a day monitor- 
ing of vital PC functions for just £149.00, 

The card is ideal for installation in fileser- 
vers, network gateways, industrial compu- 
ters. medical systems and other PCs 
performing vital roles. 

Watehdow-Plus will monitor the internal 
temperature of the PC, all power supply volt- 
age lines, processor imtegrity. fan speed and 
two external inputs such as a mains failure 
signal from a UPS, 

A comprehensive but easy to use menu- 
driven software package comes with the 
Watchdog-Plus. This provides a status screen 
on which monitoring functions, watchdog 
time-out periods and output alarms may be 
enabled and disabled. Outputs from the card 
include a 90-dB buzzer, LED, interrupt line. 
relay output and automatic reset. any or all of 
which can be actuated in the event of an 
alarm. 

Internal temperature is monitored by a ther- 
mocouple mounted on the card which has 


aulomatic cold junction compensation and 
linearisation. The +5 V, +12 V and -12 ¥ 
power rails inside the PC are monitored and 
checked against pre-set limits. Processor in- 
tegrity can be monitored by a conventional 
watchdog circuit which will time-out if the 
application sofiware does not reset ibat regu- 
lar intervals. 

Watchdog-Plus is an &-bit plug-in card for 
IBM PC/XT/AT and compatibles, and comes 
with a software package and documentation. 
Blue Chip Technology = Hawarden Indus- 
trial Park « Manor Lane « Deeside « Clwyd 
CHS 3PP. Telephone: (0244) 520222. Fax: 
(0244) 531043. 


HALL-EFFECT SENSOR/DRIVER 


A new unipolar Hall-elfect integrated circuil 
designed for magnetic actuation of low- 
power incandescent lamps or inductive loads 
such as relays has been developed by 
Sprague Semiconductor Group. 

The UGQSI40K sensorfdriver, which has 
been developed for industrial and automotive 
applications. provides designers with the m- 
ereased reliability of precision ‘contactless 
switching’, and the benefit of component re- 
duction via a fully protected, extended tem- 
perature power driving stage on the same 
chip. No external parts are required. 


Included on the chip are a magnetic sensing 
Hall voltage generator, operational ampli- 
fier, Schmitt trigger, voltage regulator, and 
aun open-collector high-gain) Darlington 
power output stage capable of sinking in ex- 
cess of 300 mA. 

The UGQSI40K is rated for operation over 
an extended temperature range of —40 °C to 
+85 °C. It is supplied in a four-pin mint-SIP 
plastic package measuring 5.08 x 3.3 x 
1.54 mm. 

Further information on this interesting new 
device from 
Sprague Semiconductor + Balfour House + 
Churchfield Road + Walton-On-Thames 
KT12 27TY. ‘Telephone: (0932) 253355, 
Fax: (0932) 246622. (A 


¥ 80-ns SIL MEMORIES 
Panasonic have introduced a new series of | 
Mword x 9 bit CMOS DRAM single-in-line 
memory modules (SIMM) offering fast ac- 
cess Limes of 80 ns or 60 ns. 


The new memory modules have low power 
dissipation requiring only 3.47 W operating 
and 2.48 W on stand-by, and a complete mo- 
dule requires only +5 V £10 power supply. 
Input and output is TTL-compatible, and the 
units offer CAS before RAS refresh, RAS 
only retresh and hidden refresh operation 
with fast page mode capability. 

The SIMM modules are designed for PC 
base and upgrade memory. The standard 30- 
pin connection is available with tin lead and 
SIP with gold-plated edge connectors for 
maximum relability. 

In addition to 4 M x 9 panasonic Industrial 
also offer a complete range of x36 SIMM 
configurations. 

Panasonic Industrial + Panasonic House = 
Willoughby House = Bracknell RG12 4FP. 
Telephone: (0344) 853550, 
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STEWART OF READING 


“Electronics hobbyists and professionals 
still don't realise the value-for-money they 
can obtain by buying second-hand elec- 
tronic equipment”, is the message coming 
from Dwayne Stewart, the 30-year old pro- 
prictor of Stewart of Reading. This well- 
known business has established a reputa- 
tion for high-quality second-hand equip- 
ment since it was opened in 1982 in a sub- 
urb of the Berkshire town. 

Says Dwayne: “Often people lack the 
confidence to buy second-hand equipment, 
which 1s curious since we offer guarantees 
and warranties on such equipment”. 

First of all, Dwayne only buys equip- 
ment of the best quality and travels the 
length and breadth of the country secking 
‘buys’, clocking up over 40.000 miles a 
year in the process. Then the equipment, 
once purchased, is thoroughly tested and re- 
paired, if necessary, before going on sale. 
Stresses Dwayne: ~The essence of this busi- 
ness ts securing high-quality stock”. 

Needless to say. Dwayne has a number 
of key suppliers on whom he calls time and 
time again, but he will obviously not reveal 
their names. At the same time, he ts a [re- 
quent attender of auctions. where he regu- 
larly meets his small band of competitors. 

His continuous search is tor high-quality 
second-hand electronic equipment at com- 
petitive prices: often this makes it necessary 
for him to drive to a factory at the drop of 
a hat to strike a bargain there and then and 
to clear the electronic equipment within a 
certain time. 

Dwayne says: “You cannot sell quality 
equipment unless you buy it. Often, it may 
be surplus from a project or a liquidated 
company. or it may be equipment that ts just 
becoming obsolescent. In fact. the time 
scale for obsolescence Is shortening: today 
it may be as short as three years. 

Stewart of Reading carries a wide range 
of stock, particularly of test and measure- 
ment equipment; electronic components 
represent a smaller percentage of the sales 
turnover these days. It is stored in every 
nook and cranny of the shop, which is burst- 
ing at the seams with equipment. This is de- 
spite additional storage facilities ina village 
some miles south of Reading. 

Orders come in daily from all over the 
country and from many countries overseas 
by post, phone or fax. They are processed 
by Stewart's team of five full-time employ- 
ees, one of whom, Mrs Beryl Stewart 
(Dwayne's mother), is the adminstrative 
brain behind the business and who takes 
charge when Dwayne is out hunting for 
equipment, 
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Staff members of Stewart busy at work 


In the early days of the business, the 
trade used to be seasonal. with July and Au- 
gust being quiet months but, according to 
Dwayne, over the past few years August has 
been amazing in terms of sales. Possibly 
this is a reflection of the change in their 
business, encouraging not only the hobby- 
ist. but also professionals from a wide va- 
riety of companies, big and small, and not 
forgetting a significant number of educa- 
Uonalists who are trying to stretch their bud- 
gets by buying quality second-hand equip- 
ment. 

Otten. Dwayne is employed as a finder 
to ferret out particular types of good-qual- 
ity, second-hand clectronic equipment and 
purchase it on behalf of chents on a com- 
mission basis. 

Like others in the electronics business, 
Dwayne has detected a slight trend to in- 
creased project activity by hobbyists. but he 
feels that high interest rates, and possibly 
even the poll tax. could have an adverse ef- 
fect on sales. Nevertheless. he maintains: 
“Sales are not the limiting factor of this 
business. Even if we had much more good- 
quality second-hand equipment, we could 
still sell it”. 

Fifty per cent of the turnover of the busi- 
ness comes from direct mail: the remainder 
is retail business, with buyers beating a path 
to their door, 

Dwayne and his team believe that 1992 
will not have too much of an impact on their 
business—there is not such a big surplus 
market in electronics on the Continent; in 
fact, many Continental buyers come to 
Britain for second-hand equipment. 

The Stewart team believe that the recent 
changes in the educational curriculum 
could have a major effect on the business, 
as more people become interested in tech- 
nology, particularly electronics. 

However, Dwayne foresees the business 
becoming more speciitlized, with cus- 
tomers prepared to pay higher prices for 
rare types of second-hand electronic equip- 
ment. “Unlike the car trade.” he says, “we 
have no published guide to prices and 
depreciation. We have only our experience 
to goon”. 

Dwayne gained his experience in his fa- 
ther’s business—experience that has been 
augmented by an HND in Business Studies 
obtained at Reading College of Technology. 

When he is not hunting for second-hand 
equipment, Dwayne, a physical fitness fa- 
natic. is off, playing tennis or cricket. This 
year he took part in his first '/+ marathon 
and next year he hopes to enter the London 
Marathon for the first ime. a 


LETTERS 


Letters of a general nature, or expressing 


an opinion, or concerning a matter of 


common interest in the field of electronics 
(in its widest sense}, should be addressed 

to The Editor at our London offices, Their 
publication in Elektor Electronics is at the 
discretion of the Editor. 


GLOW PLUG SWITCH FOR 4- 
STROKE MODEL ENGINES 
Dear Sir—the article "Glow plug switch 
for 4-stroke model engines” (July/August, 
1990, p. 16) will help a lot in my mod- 
elling needs. However, the first thing I 
noticed is a blunder in the diagram on page 


READERS! FOR UM 


the designer to correct the diagram and 
show a four-stroke engine. 

Also, | require a NiCd battery recycler 
for our airborne batteries of R/C systems as 
well as for transmitter batteries. The volt- 
age for airborne batteries is 4.8 V and for 
iransmitter batteries 9.6 V. 

Kamal Shamsi. Karachi. 


The designer replies that the type of motor. 
two-stroke or four-stroke, is of he inper- 
tance to the circuit, since tis reacty only 
to the pulses emanating from te receiver. 


shiaws a 2-strake trstead af a four-stroke 
model. 

As far as a charger for the battertes 
vou arention is concerned, there is ane on 
our forward planning schedtle and this 
will probably be published tn ove or three 
Mouts’ tinte. [Ed] 


Dear Sir-—-] would like to contribute arti- 
cles to Efektor Electronics, but have no 
idea how T should go about this. Can you 
give me some guidance? 

C. Langton. Gibraltar, 


Since tis request is made regularly by 
prospective authors, we print the relevant 
sections of our standard Guidelines for 
Authors and Translators below. [Ed] 


17 which shows the wiring for a two- 
stroke engine, although the article 
described a four-stroke engine. Please ask 


These pulses are, of course, the same for 
mo-stroke and four-sroke Cngines, 
Nevertheless, we regret that the diagram 


GUIDELINES FOR AUTHORS & TRANSLATORS 


General. We are interested in articles dealing with a construction project, describing a new technique, or 
presenting a fresh insight into existing technologies. We attach great importance to originality, and designs 
using new devices or using old devices in new ways are, therefore, particularly acceptable. 

Copy to be submitted. The material submitted with each article should consist of: 

1. Two copies of the typescript, at least one of which must be single-sided and each of which must include: 

(a) title of article; 

(b) introduction to article (summary); 

{c) text; / 

(d) illustrations (diagrams, photographs); 

{e) any tables; 

(f) in the case of construction projects: a detailed components list. Names of manufacturers or sup- 
pliers should be given where appropriate for all but common components (such as most resistors 
and capacitors); 

(g) list of captions for illustrations. 

One set. of fair copies of line diagrams suitable for reproduction or casy redrawing. 

Set of good-quality glossy prints of photographs (not negatives), where applicable. 

Completed Assignment of Copyright form. 


Text. All submissions should be typed with double spacing. There should be a margin of at least 35 mm 
on both sides of the page. The top copy must be typed on one side of the page only, but the other copy of 
the typescript may be a double-sided photocopy. Authors are warned against the use of low-definition dot 
matrix printers, since outputs of these are often insufficiently clear and this may delay acceptance, or even 
cause rejection of the article. 

The introduction should state clearly the object of the article, its scope and other salient points. 

Any mathematics should be clear and unambiguous. Particular care should be taken with the position 
of subscripts and indices. The name of any special type required (Greek, bold, italic) should be written in 
the margin. 

Technical terms must conform to accepted international standards. Where abbreviations are used, 
they should be clarified by quoting the term in full, followed by the abbreviation. the first time it is used. 

In the case of construction projects, the article should include alignment or calibration procedures for 
which the minimum of test gear is required. 


Length. Articles should preferably be 2500-3500 words, that is 10-14 sheets typed with double spacing. 
One page in the magazine, without any illustrations or headings, contains 3 columns of 72 lines of, on aver- 
age, 7 words each, that is, roughly 1500 words. 
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READERS SERVICES 


Atl orders, except for subscriptions and past 
issues. must be sent BY POST to our London 
office using the appropriate form opposite 
Please note that we can not deal with PER- 
SONAL CALLERS, as no stock is carried al 
the editorial offices. 

All prices shown are net and customers in the 
UK should add VAT where shown. ALL cus 
tomers must add postage and packing char- 
ges for orders up to £15.00 as follows: UK, 
£1.06; Europe. £1.50: other countries. £2.00 
{surface maili or £3.00 (airmaii). For orders 
over £15.00, but not exceeding £50.00, these 
p&p charges should be doubled, For arders 
over £50.00 in value, p&p charges will be 
advised 


LETTERS 


Letiers of a general nature. or expressing an 
opinion. or concerning a matter of common 
interest in the field of electronics, should be 
addressed to The Editor. Their publication in 
Elekior Electronics is at the discretion of the 


PAST ISSUES 


A limited number of past issues [from 
July‘Augus! 1987 onwards} is available trom 
Worldwide Subscription Service Ltd + Unit 
4+ Gibbs Reed Farm: Pashley Road « 
TICEHURST TN5 7HE + England, to whom 
orders should be sent. Prices including post- 
age for single copies are £1.90 (UK and Eu- 
fope) £2.25 (outside Europe --surlace maili 
or £3.75 (outside Europe —airmail) 


PAST ARTICLES 


Photo copies of articles fron) January 1978 
onwards can be provided. postage paid. at 
£1.50 (UK and Europei, £2.00 (outside Eu- 
rope —surlace maw, of £2.50 (outside Eu- 
trope —airmail}. These copies may be 
ordered from our editorial offices in London 


TECHNICAL QUERIES 


Although we are always prepared to assist 
readers in solving difficulties they may ex- 
perience with projacts that have appeared in 
Elektor Electromes during the PAST THREE 
YEARS ONLY, we regret that these can not 
in any circumstances be dealt with by tele 
phone or facsimile 


COMPONENTS 


Components for projects appearing in Elektor 
Electronics are usually available from appro- 
priate advertisers in this magazine, It ditficul- 
ties in the supply of components are 
envisaged, a source will normally be advised 
in the article 


BOOKS 


The following books are currently 
available: these may be ordered 
trom certain electronics retailers or 
bookshops, or direct from our Lon- 
don office. 


301 Circuits £6.25 
302 Circuits £6.25 
903 Circuits £7.95 
Data Sheet Book 2 £8.25 
Data Book 3 Eda £8.95 
Microprocessor Data book , . £8.95 


BINDERS 


Elektor Electronics Binder 


FRONT PANELS 


PROJECT No. Price VAT 
(£) (£} 

All-solid stale 
preampliiier 890170-F1 16.75 2,61 
a90170-F2 9.25 1.39 
LF’HF signal tracer 890183-F 850 1.28 


Simple AC 900004 F Not available 


mi'ivoltmeter 


Video mixer 87304-F 16.50 2.48 
O meler g00031-F 11.50 
Budget sweep:funclion 900040 F 10.00 


generator 


High currant hee sggn7aF 14.00 2.10 
tester 
400-W laboratory PSU 900082-F 17.50 2.63 


EPROMS / PALS / MICROCONTROLLERS 


PROJECT No. Price VAT 
(£)  {£) 

Intelligent time standard 654 10.00 1450 

fi « 2764) 

lO extension card for |/BM 561 4.75 1.92 


‘ 
lietientieatianientiedintian 


This order should be sent to: 


| ELEKTOR ELECTRONICS 
(PUBLISHING) 


| DOWN HOUSE 

| BROOMHILL ROAD 
LONDON SW18 4JQ 
ENGLAND 


ORDER FORM ~ 
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READERS SERVICES 


| 


VAT No. 454 135 463 | 


Name | 
| Address ; | 
| 
0 Se Ss | 

oe — Post Code _ | 

Telephone Date | 


| Please supply the following. For PCBs. front panels, EPROMs, PALs, microcontrollers and | 
| diskettes, state the part number and description: for books, state the full title; for photocopies 
of articles, state full name of article and month and year of publication, Please use block 


>F RUS! 


| capitals. For term: 


| Qty. No. 


see overleaf. 


Description 


| Price) VAT(S) 


| 


Total (£) | 


Sub-total (S) _ | 


P&P (£) 
| Method of payment (tick as appropriate): asad a ik 6 j = 4 
Bank draft I Cheque (payable to Elektor Electronics) otal paid (£) | 
| | 4 Giro transfer (our a/c no. 34 152 3801) | 
P l‘mon rder p 
|  Postal‘money orde Signature: | 
U) Access’VISA/Master/Eurocard Expiry date: 
| a‘c 1 I] | 
| | es 
PROJECT No, Price VAT | PROJECT No. Price VAT PROJECT No. Price VAT 
| (f) (£) (f) (f) (ft) (f) 
{1 x PAL 16L8: ROM-copy for BASIC 144) 6.50 0.98 Souno cemody.ator tor 3.75 056 
Centrorics interlace 562 675 1.92 camputer salellite-TV rece vers 
tor slide fader 8751 programmer 1471 6,50 0.98 Electronic daormar 4002 Not ava:lable 
(1 + PALI6R4) PT100 thermometer 1481 6.50 0.98 | gA:5V power supply 4012 Not available 
yP caatrolled radio 564 10.00 1.50 Audio power indicator 4004 375 O56 
synthes-2er (1 + 64) PRINTED CIRCUIT BOARD: Deluxe NiCd baltery 4004 Not avatlable 
Porlaple MIDI keyboard 567 ‘0.00 150 PROJECT No. Price VAT charger 
t1 4) : ¢) if) | Fuuid evel indicator available 
Pilcn contral for CO 568 1000 1.50 { + | irexpersive transistor available 
olayers {1 » 2764) ae SIS Q 
MIDI control unit 570. 19.00 150 APRIL 1990 | ‘Marie ¥ mate wuaitssin 
it « 27064) Automalic mars 899158 Nat available x . = ioe 
_ on z 2 Thrifty fl ing LED ava! able 
The dig:tal model train 572 10.00 1.59 isolating swrict FoisanGs deve Sar N76 
11 ¥ 2764) BBD sound effects unit 900010 75 1.16 ton BES mor drive 5.2 W782 
Darkroam clack 683 9.25 139 . Ogilal medeltraini13) ¥7291-10 400 960 go eons ane 
4 27128) Q meter 90003: 600 0.90 Slave ma rs orvoft 904057 Not available 
Vidi 5a61 °0.00 * 50 RS 232 spliller g900017-1 7.25 1.09 ¢ sad 1) venderein he 
it : 2 Pp 4:50 O68 can tot be supp!ed 19 readars in the UK 
Four-sensor suns"ine 100G 1.50 Test box Not availaple | 
fecorder (1 - 27128) Viceo |e selector 6.50 038 nrfheenys erties fat 00078 5.50 083 
4P-controlled lelaphone §941 13.00 1.95 Mising alincatian tate: adver o 5 TARBE (GUFS TE MRR SSs niche iigheeates 
exchange (1 = 271281 Wiring aliocatior tester See ad on pp. 83 Aulomate Teadligit! 300083 Not ava-lable 
Slave indication unit 700 1500 2.25 switch 
tor! 7.S (1 + B74BH} saan 1990 : : ; aid Infra-red remate S04085-66 6.76 4.0 
EPROM emulatar 701 15.00 226 cael te perature UPBS-1 1.95 0.29 contral 
i » 874BH} meniter . : Z 1.5 GHz prescaler 8 * Not availabe 
Micro-controller driven 702 47.50 / 13 | oe ihe unction 800040 709 1.05 = Three in a caw Not avallaple 
power supply (1 - 87511 | ae i . 3 ADODAC 7D Se ss Sound generatar See adver! on pp ral 
Autonomous vO 704 4750: 7.14. | Cenmeoics BDGIDAG 937D 15.25 229 Stereo playback 900082 Nol avai able 
controller (1 + B751) Intre niar CD players 044 Not available amplifier 
8751 programmer 5951 47.50 7.13 ing care advert on pp. 8-9 
(1 = 8751) Trans:stor character.slic 900058 4.75 O71 OCTOBER 1990 
| plotiing Guar tuner 900020 Not available 
DISKETTES nine eee JP-controlled talephane 900081 1890 270 
PROJECT No. Price VAT eee paws ‘ ,  exthange 
| (f) (£) Eldetanie loge simulator SO90s2 Wel 1:80 Tuned VHF TV preamplitier Not available 
FAX intertace 402" 8.00 -.29 | MIDI master keyboard Doepler Elesirenik | §.VHS:CVBS to RGB = 900085 12.25 184 
tor Atari ST [b‘w anlyl Mini EPROM siewer 900030 2 converter 
for Archimedes 103" 8.00 1.20 Power zener ciode UPBS-1 Q28 Phase neter 896056 Not ava: aple 


* send lormatteo 3.5 in, diskette 


Digital mode! train 109 575 0.86 
Logic Analyser for Atari 111 10.00 1,50 
ST ib'w orly] 
Computer-controlled 112° «10.00 1.50 
Telelext decoder 
Plotter ar ve 5.75 0.86 
Fax inter for [BM PCs 7.00 1.05 
1 tor BBC-B 4.00 075 
1 alo° 4.75 0 86 
RS-292 splitter 5.75 086 
Centronics ADC/DAC 5.75 6.86 
Transistor characteristic 6.5¢ ¢.9a 


plotting (Atari ST bs 
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890097 Not ava-able 
sée acvert on pp 68-69 


PLL sinewave generator 
Remotely corrolled 
stroboscope 


JULY;AUGUST 1990 
100 MH2 TTL com 
patible crystal oscillator 
Batiery tesler 


890178 Not available 


felon pp. 6-7 
1150 1.73 


ee a 
200045 


w 


Door chimevalarm sirer = 890114 Not availabe 


Inlermediaic projects UPBS 1 1.95 0.29 
Glow pug switch 028 Not available 
Moni FM tranem tter” 836118 4.25 064 


NOVEMBER 1990 

all laboratory PSU 900082 11.00 '.65 
supwooter 900122-1 600 0.90 
mixer EV?7000 See advert un pp. 64-69 


Mediu-pewer audio s000ge 900 1.96 
ampltier 

Programmer fe 190060 7.00 185 
PT109 thermome‘er 5.00 O75 


Nat avai aple 


900123 


Digital capacitance 
meter 

TDA?370 car radia 
oooster 


900046 Nat ava lable 


OnLy £9.45 
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